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STUDY OF AN UPPER ATMOSPHERE RESEARCH 
SATELLITE ( UARS ) INSTRUMENT MODULE ALIGNMENT 
MEASUREMENT SYSTEM (AMS) 


I. INTRODUCTION 


This report covers the results of work performed by 
Barnes Engineering Company under Contract No. NAS 5-27465 with 
Goddard Space Flight Center. The Statement of Work and Exhibits 
are reproduced below. The study was executed between 14 
September and 21 December , 1982. 


1.0 SCOPE 

The contractor will perform a study of an Alignment 
Measurement System (AMS) which will precisely determine the 
boresights pointing directions of the Upper Atmosphere Research 
Satellite (UARS) instruments relative to the UARS Attitude 
Control System (ACS). The contractor is constrained to only 
consider using the technology used in the Barnes Engineering 
Corporation measurement system used on the Magsat mission. The 
contractor will define the AMS optical, mechanical, thermal and 
electrical system properties. The AMS is constrained to 
interface with the UARS instrument module and spaceraft layout as 
shown in exhibit A attached to this Statement of Work (SOW). 
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2.0 REQUIREMENTS 

An AMS is to be defined that will measure the position 
of an optical reference mounted on UARS instrument baseplates to 
the ACS to an* accuracy of 14 arc seconds (3 sigma) in roll, pitch 
and yaw. The AMS is to be mechanically mounted to, but thermally 
isolated from the UARS Instrument Optical Bench (IOB). This AMS 
response is to be linear over a field of view of no less than ±5 
arc minutes when ranging instrument reference surfaces and no 
less than ±10 arc minutes when ranging a reference surface in the 
Modular /attitude Control System (MACS). 

The contractor is to define the electrical, optical and 
mechanical configuration of the AMS including overall dimensions, 
power consumption and weight. The contractor is to perform an 
end to end error analysis on the proposed AMS including optical, 
thermal, mechanical, electronic effects, including signal margin 
and contamination sensitivity. The contractor is to specify the 
algorithms used to process the alignment error signals and derive 
the alignment data. 
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II. SUMMARY 


As a result of the study associated with this contract, 
the general characteristics of an AMS system to perform the 
required task are defined. 

The optical system was laid out as a first step, then 
the mechanical form of the housing and interfaces which support 
it. The electronic design proceeds largely independent of the 
first two. 


As a result, the approximate form of what would emerge 
as a final design for the AMS has been delineated, although 
further tradeoffs are clearly feasible, to be refined during a 
detailed design stage at a later date. 

Based on this base-line design, error contributions due 
to optical, mechanical, thermal, and electronic sources have been 
calculated. They are discussed in detail in Section X of this 
report, but may be summarized as follows: 

3 sigma RSS total error using appr oximate algorithm : 

11.63 arc-sec 

3 sigma RSS total error using exact algorithm: 

9.70 arc-sec 


The weight of the AMS system, including two (2) 
opto-mechanical units and a common electronics module, is 
estimated to bei 


120 lbs. 


from 


Power requirements for the system are estimated to total 
at 21 volts input, immediately after launch, to 


3.5 watts 


5.5 watts! at 35 volts input and at end of life. 
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III. BACKGROUND 

The basic technology on which the present study is based 
was largely proven on the Mags^fe spacecraft. The task in that 
program was to monitor by means of optical linkage, the 
three-axis orientation of the vector magnetometer mounted at the 
outer end of a 20 foot boom extending outboard from the 
spacecraft. 

Techniques used for measuring roll were different in 
several ways from those used for measuring pitch and yaw, and the 
following review describes only the pitch/yaw measuring system, 
which comprises a close parallel to the system described in this 
study. 

The measuring system was an autocollimator, and included 
an infrared-emitting diode which "illuminated” a mask having a 
square aperture. This mask was in the focal plane of an." . 
objective lens which collimated the energy transmitted through 
the mask. This collimated beam was directed toward a plane 
mirror mounted at the remote assembly being monitored. 

The reflected beam reentered the autocollimator and was 
refocused to an image of the mask, which was diverted by means of 
a beamsplitter to the detector area. Here the beam was again 
amplitude-divided and routed to two pairs of silicon detectors. 
One pair was oriented to sense pitch deviation; the second yaw. 

Each pair consisted of two detector elements, connected 
with opposite polarity to a current amplifier. The two elements 
were in the same plane and spaced apart by a gap equal in width 
to the image of the mask. Thus when the remote mirror was 
perfectly aligned, normal to the collimated beam, the image fell 
betwen the detector elements and no signal was generated. 
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Rotation of the mirror about a transverse axis moved the 

image onto one or the other element and generated an error signal 

of appropriate polarity and proportional to the deviation angle. 

This signal was amplified, demodulated, digitized, multiplexed, 
and temporarily recorded on tape for telemetering once per 
vehicle orbit. The data rate for a complete set of three K ‘t\xis 
measurements was twice per second of time. 

Although this brief recital is meant to touch only on 
the principal features of the Magsat system, the use of two 
additional detectors supplied in the Magsat instrument was an 
important addition, which will now be described. 

One detector continuously sampled a small fraction of 
the reflected and refocused energy and its amplified output was 
compared with a stably reference voltage. Any change in its 
value due to changes in LED output, transmittance of the system, 
or responsivity of the detectors was used to regulate the LED 
current to compensate for such changes. This automatic gain 
control kept the slope of the transfer function constant in the 
presence of potentially disturbing effects. These effects 
included changes in LED output, detector responsivity, system 
transmittance due to reflector degradation, and vignetting of the 
reflected beam. 

A second detector, called the Compensation detector, 
sampled the outgoing energy from the LED and was used to cancel 
the detector outputs, if any, due to internal stray radiation. 
Thus when the instrument was covered, the output from pitch, yaw, 
and AGC detectors were all set to zero by the addition, at the 
post amplifier stage, of a voltage of appropriate amplitude and 
polarity to offset any stray internal pickup. 

The pitch/yaw channels of Magsat had measuring ranges of 
± 3 arc-minutes. 
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IV. SYSTEM APPROACH 

The three-axis determination of orientation of the 
boresights of four UARS instruments relative to the Modular 
Attitude Control System may be done by means of an approach 
suggested by Swales Associates. The method is based on the use 
of two dual-axis autocollimators, designated as AMS (for 
Alignment Measurement System) numbers 1 and 2, mounted on the 
Instrument Optical Bench (IOB). The operating mode of each 
autocollimator will be as in the Pitch/Yaw channels of the Magsat 
system (see Section III) with significant differences to be 
explained in this and later sections. 

Each autocollimator is capable of monitoring five (more 
if required) separate plane mirrors, two of which are mounted on 
each of the five instruments (MACS, ISAMS, HRDI , Winters, and 
MLS). The general layout of these five instruments and the two 
AMS autocollimators as presently defined is illustrated in Figure 
4.1. The orthogonal axes X, Y and Z are also defined in the 
figure. 


Each AMS instrument has two pairs of detectors 
functioning as if mounted in the XZ plane: one oriented to sense 
motion of the reflected image from any of the instrument mirrors 
in a direction parallel to the X axis, a second oriented to sense 
image motion parallel to the Z axis. 

It is an important principle of the measuring system 
that the same detectors are used to sense rotation of all five 
instruments; furthermore that the illuminated mask used for all 
five projection directions is also common to all five measuring 
paths. The way in which this principle is incorporated into each 
AMS is schematically illustrated in Figure 4.2. 
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The illuminated mask is mounted to the upper face of the 
main beamsplitting cube, and for purposes of explanation the 
detectors may be considered to be mounted to a side face. Above 
the cube and mask is an array of five LED's each with a small 
condenser lens, and a common condenser lens which work together 
to illuminate the mask. Only one LED is energized at any time. 
Its radiant output is in the visible region, at 670 nanometers. 


The energy is transmitted downward through the cube to 
one face of a reflecting polygon, which in turn reflects the beam 
to an objective lens. The faces of the polygon and the objective 
lenses are designed to route the beam, collimated by the objec- 
tive lens, to the mirror on the instrument being interrogated. 


After reflection by the mirror the beam returns through 
the sequence of objective lens, polygon and beam-splitter, where 
it is now reflected to the detector array. If the remote mirror 
is precisely aligned normal to the collimated beam, the focused 
image is located in the center of the detector array and no 
output signal is generated. If the mirror is rotated due to 
instrument shift or IOB bending, the reflected image is offset in 
one or both directions of the detector array. The three angles 
o( , <3 , and Y , which are the rotation axes around X, Y, and Z 
axes, respectively, are derived from the algorithms listed below. 

X-| and Z-j are the measured motions of the image along 
the detector axes of AMS #1 and X 2 and Z 2 are the measured 
image motions along the detector axes of AMS #2. and $ are 
defined in Figure 4-/ . Then to a close approximation, 

ot = (-X-] cos & + Zj sin -6-) sin + (X 2 sin (> + Z 2 cos fr) cos -Q- 

-2f cos ('©•- j)) 

^5 = (X-j sin 6- + Z\ cos £-) / 2f 
= -(X 2 COS f) -Z 2 sin / 2f 

f = (-X-I cos •» + Zj sin -9-) cos $ -(X 2 sin <} -tZ 2 Cos () ) sin-» 

-2f cos (©• - <)) 
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For each of the experiments, the relative deviations 
relative to MACS are derived by solving the above equations for 
all five optical paths and taking the differences between angles 
calculated for the experiment and for MACS. 

The exact forms of this algorithm are given in the 
Appendix, and the magnitude of the errors associated with the 
approximate form are given in Section X. It will be seen that 
redundant measurement is provided for rotation about the Y axis, 
so that heightened accuracy can be achieved, if desired, by 
averaging the calculated values of from the two AMS instruments. 

The assumption is made that the AMS will provide digital 
output representing X^, Z|, X2, and Z2 . The solution of the 
algorithm may then be done on the ground. 
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V. OPTICAL SYSTEM 


Early definition of the optical system is important not 
only because it is necessary in order to evaluate optical errors, 
but because of its impact on the mechanical packaging and the 
mechanical and thermal contributions to error which flow from the 
packaging concept. 

The most important parameter to be defined is the 
required aperture size of the objective lenses for each of the 
optical paths. This determination is affected strongly by the 
distance between AMS and the respective reflectors on MACS and on 
the experiments. It is also strongly affected by the angular 
deviation anticipated in each of the optical paths. The 
implication of measuring range as it affects the detector 
assembly will be discussed first. 

A. Detector Configuration 


The assignment of a larger angular deviation between AMS 
and MACS (#10 arc-minutes) than between AMS and the experiments 
(±5 arc-minutes) appears to be soundly based, since MACS is 
mounted off the optical bench. The detector dimensions are 
determined by the largest angular deviation to be measured and 
the focal length of the objective lens associated with that 
path. Specifically, 
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g * 2 $ £/ cos A 

where g = minimum width of the gap between the pair, and also 
the mimimum width of each element 

5 = largest angular deviation to be measured (in 

radians) 

f * focal length of the autocollimators 

A * inclination angle of the optical path between the 
main beamsplitter and the polygon, relative to 
the vertical center line. 

Using values of ±11 arc-minutes for 8 (including ±1 
arc-minute for installation inaccuracy, 18 inches for f, and 20* 
for A, 

Then g = 0.1225 inches, rounded up to 0.125 inches . 

This is also the dimension of the square aperture in the 
field stop mask, which is illuminated by each of the LED's in 
turn. The length of each detector element in the insensitive 
direction must be at least three times the minimum width in order 
to tolerate image motion in the orthogonal direction. It will be 
chosen, to be 0.400 inches long. (See Figure 5-1). 

The detector dimensions are thus determined by the 
largest angular measuring range, and this then becomes the 
potential measuring range for other links also, unless limited by 
some other consideration. As will be shown, however, the size of 
the polygon faces becomes the limiting factor in some of the 
other measuring links, making it difficult to use the full ±10 
arc-minute deviation range, especially with the MLS and HRDI 
instruments . 


5-2 


ORIGINAL PAGE 13 
Of POOR QUALITY 







FINAL REPORT 


UARS-AMS STUDY 




B . Pupil size and position 


In the Magsat instruments, a technique of pupil control 
was used which was found to be very effective. This approach 
keeps the required size of the reflector(s) at a minimum. It 
uses a second mask behind the field stop, which in cooperation 
with the objective lens, projects the pupil of the system out to 
the reflector instead of being at the objective lens, as is more 
frequently the case. This is illustrated in Figure 5-2, taken 
from the Magsat report. 

The advantages of this approach are twofold: first, the 
reflector size is minimized; second, and perhaps more important, 
there is no vignetting of the edges of the image. In other 
words, each point of the image is illuminated by the same size 
pupil, so that it has uniform illumination throughout, at least 
so long as the remote mirror is perfectly aligned. In the Magsat 
case this pupil control was obtained by means of the second mask 
and the objective lens only; for UARS a smaller LED can be used, 
and a more compact system obtained, by also using a condenser 
lens system immediately above the field stop for this purpose. 
(See Figure 5-3.) 

It would be difficult to custom design each optical path 
so that the pupil is formed actually at the corresponding 
reflector, since this would require different LED distances above 
the field stop for each link. The system will actually be 
configured to form the pupil at 108 inches from the objective 
lens, as required by the AMS #2 - MACS path. 

The pupil will be circular, and have a diameter of 0.875 
inches (slightly larger than that used in Magsat). 

C. Objective lens aperture 

The illuminated area of the objective lens for the 
"outbound" beam is a square with rounded corners, having width 
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and height of 1.580 inches, as shown in Figure 5-4. The size of 
these sides of the square is determined by: 

B =* (g cosA Dmax / f )+ p 

where D max * 108 inches, and p is the pupil diameter. 

This square is not usually oriented with its sides 
horizontal and vertical but rotated by the angle 0- for AMS #1, (J 
for AMS #2. After refection from a perfectly aligned mirror this 
area is smaller if the distance to the reflector is less than 
D max. Specifically, 

B' =Cg cosA 1 2D- Dmax | / f)+ p 

where B' is the width and length of the square, and D is 
the distance to the reflector. For purposes to be seen later, it 
is necessary to derive the horizontal and vertical dimensions of 
the rotated square, which can be seen to equal: 

C = (B 1 - p) (sin •0*' + cos '0*' ) + p 

where 0-' is the angle between the line of sight and the 
X axis (always taken so that sin 0-' and cos -0' are both 
positive). Values of B', 0- * , and C are listed in Table 5-1. 


AMS 

PATH 

Din. 

B' in. 

0'' 

C in. 

1 

MACS 

42 

1.032 

53.5 

1.094 

1 

MLS 

103 

1.515 

9.0 

1 .607 

1 

Winters 

108 

1 .580 

4.0 

1 .627 

1 

HRDI 

102 

1 .502 

14.0 

1.635 

1 

I SAMS 

24 

1 .267 

46.0 

1 .429 

2 

MACS 

108 

1 .580 

0 

1 .580 

2 

MLS 

24 

1 .267 

44.0 

1.429 

2 

Winters 

47 

0.966 

59.0 

1 .000 

2 

HRDI 

63 

0.992 

72.0 

1 .022 

2 

I SAMS 

82 

1 .240 

42.5 

1 .391 


Table 5-1 Horizontal and vertical dimensions of 
objective lens w/o deviation. 
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This area occupied on the objective lens by the 
reflected beam is increased, however, by the sweeping action of 
the reflected beam as the reflector is rotated. Specifically, 
the movement of the reflected beam is: 

M * 2 D S 

where 5 is the general symbol for an angular deviation 
of the mirror. More specifically, we may examine the 
"horizontal" (parallel to the optical bench) and vertical (normal 
to it) movements of the reflected beam at the objective lens. 

Rotation around the Y axis (normal to the optical bench) 
obviously produces motion in the above defined horizontal 
direction, and may be seen to have a maximum value M^, where 
= ± 2 D max 
= 4 D (3 max 

The vertical motion, however, is dependent on rotations 
around both X and Z axes, as follows: 

M v = 4 D (ot max sin *©•' + Y max cos ‘6* + .0003) 

The total area required at the objective lens is thus 
defined by the (rotated) square (with rounded corners) whose 
sides are listed in Table 5-1, plus the horizontal and vertical 
motions calculated from the above equations. Table 5-2 combines 
the data to provide total "width" and "height" (A w and Aj-,) of the 
domain on the objective lens required co capture the reflected 
beam in all combinations of maximum values of cK , , and Y ' . 

Since these maximum angles are equal for ar*y given path, the 
general designation S is used in the table. It is defined as the 
maximum angle specified in the SOW plus one arc minute. In 
addition, the smallest circular aperture large enough to capture 
the full reflected beam with any combination of c< , ^ , and Y is 
given as A^. 
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D. Significance of objective lens apertures 

The above development of minimum lens apertures required 
for the various paths is important because of the impact they 
have on polygon design and on overall instrument size. These 
will be discussed in succeeding sections. 

It will be seen that the aperture requirements can be 
met by using lenses of from two to four inch diameter, without 
vignetting. Two significant differences between Magsat and UARS 
systems may be commented on at this point. 

Since Magsat had severe limitations on instrument size 
and weight, a lens aperture which allowed vignetting of the image 
was chosen. That is, the lens size was such that the reflected 
beam just filled the square len3 aperture when the remote mirror 
was perfectly aligned. In the presence of angular deviation, 
however, the reflected beam was displaced and at maximum 
deviation one-third of the reflected beam escaped capture by the 
objective lens. 

This loss was compensated via the AGC circuit by 
increasing the LED current so that the total energy in the 
captured reflected beam was held constant (at least to a first 
approximation) even though the size of the beam was reduced. 

This action required an incrase of 50% in LED current at maximum 
pitch or yaw; an increase of 125% at simultaneous maxima in 
both. The residual inaccuracy anticipated in the Magsat 
pre-design study (not including electronic contributions) was 
1.63 arc-seconds, rms. 
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In the UARS system, it is proposed that each objective 
lens be large enough to completely capture the reflected beam 
even with maximum deviation angles; hence th^ calculation of 
and M v in Table 5-2. 

A second consideration that is calculated to provide 
increased accuracy in UARS is the significant reduction in 
spherical aberration associated with the longer focal length to 
be specified. In Magsat the f/number was f/4 at the sides, 
f/2.85 in the corners of the square aperture. 

For UARS, f/numbers ranging from f/12 to f/4. 5 are 
indicated at present. For the larger f-numbers, a simple doublet 
lens design will reduce the spherical aberration to 0.5 
arc-second or less, and the resultant tendency toward 
non-linearity of the transfer function to insignificant levels. 
The slight blurring of the image due to spherical aberration with 
a centered image is insignificant since it is symmetrical.. When 
the beam perambulates over the aperture, however, due to a divi- 
ated reflector, the output signal becomes a monlinear function of 
angle, dependent on a rather complex weighted function to which 
the spherical aberration is a significant contributor. 

Calculation of the quantitative effects is not possible 
as part of this study; by reducing the spherical aberration to 
the order of an arc-second, or so, however, removes it as a 
significant contributor to error. For this reason, it is 
proposed that the largest lenses, such as the 4 inch diameter, 
f/4. 5 required for AMS #2 - MACS, be made as a four-element lens 
(probably two cemented doublets) to achieve this goal. The 2 
inch, and perhaps the 3 inch lenses, can be satisfied by a 
doublet, working at f/9 and f/6, respectively. 

The effect of diffraction deserves a brief comment. The 
calculated diffraction limit for a 7/8 inch aperture at 0.67 urn 
is 7.6 arc-seconds. This is of no significance, however, because 
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it degrades the edges of the image symmetrically. The gap 
between detectors is set to match the half-power point width of 
the centered image. Some energy thus falls on each detector at 
null; and the blur due to diffraction is constant as the 
reflected beam moves across the lens aperture. The same would 
not be true, however, if the spherical aberration were of 
significant magnitude. 

The question may arise as to the advisability of making 
all objective lenses the same. Design effort and procurement 
would be simplified by this course of action. On the other hand, 
if a 2 inch doublet is adequate for a given path, use of a 4 inch 
quadruplet appears excessive from standpoints of weight and 
cost. The most compelling answer, however, will be found in the 
next section. 

E. Polygon design 

The basic geometry affecting the polygon design is shown 
in Figure 5-iT. For a given focal length, the parameters of 
choice are A, the inclination angle, and Xf, the radius at which 
the axial ray meets the reflecting surface of the polygon. A 
small value of A is to be desired because, after reflection at 
the beamsplitting cube, this angle determines the obliquity of 
the rays projected through the relay system. A small value 
places minimum requirements on the design of that system to 
control aberrations at the detectors. 

For a given angle A, a small value of Xf implies a 
squatter package, a larger Xf means a higher package of smaller 
diameter. The diameter is determined by the radial position of 
the objective lens, which is "pulled in” as the package becomes 
taller. Stability considerations as well as general suitability 
indicate the preference for neither a "stovepipe” nor a "pancake” 
design but a "cheesebox" with diameter/height in the range 1.5 
to 2. 
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Less obvious is the relationship betwen these design 
parameters and the adequacy of a given polygon facet to capture 
the entire reflected beam on its route to the upper system. The 
angle between two adjacent facets is determined by the placement 
of the experiments and the distance from the AMS. These facets 
intersect along a sloping edge. Clearly it is required that for 
any combination of angular deviation of a given experiment, the 
beam captured by the objective lens and converged toward the 
image plane must intersect the appropriate facet and not 
overspill the edge onto an adjacent facet. 

The critical point is near the upper ''corner" of the 
captured beam where it comas closest to the dividing edge. This 
is why careful calculation of the required objective lens 
aperture is important; this must be traced to the intersection 
with the facet to check for adequacy. 

The most critical intersection is between facets for MLS 
and HRDI in AMS #1, where the angular difference is only 23 
degrees. (Winters is obviously so close to these two that a 
separate reflector must be used for this path.) 

The relationships between focal length and other 
parameters deserve comment. The signal generated by a given 
mirror deviation is independent of focal length., since it appears 
to the second power in both numerator and denominator of the 
equation. The noise from the detectors is proportional to focal 
length, but is so small in magnitude it need not be considered. 

A long focal length for a given measuring range and distance is 
to be preferred because the spherical aberration decreases very 
rapidly with increased focal length. 

A three-dimensional matrix of combinations of A, Xf, and f 
was explored to find their interactions in determining adequacy 
of facet size for the MLS - HRDI pair and the height and diameter 
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of the instrument package. From this exploration (see Appendix) 
the following parameters were chosen' for detailed analysis: 

A = 20 degrees 
f * 18 inches 
Xf = 4 inches 

When the experiment placement, IOB characteristics, 
etc. have been finally defined these parameters may be reviewed 
and modified if necessary. They provide the present basis, 
however, for package layout and resultant mechanical and thermal 
analysis, as well as optical contributions to error. 

F . Relay system 

The function of the relay system is to produce, at each 
of the X, Z, and AGC detectors, a one-to-one image of the primary 
image formed by any of the reflected beam's at the side face of 
the main beamsplitter cube. 

To accomplish this, the light from the primary image is 
first collimated by a lens system. It is then diverted to the 
. three detectors by means of two auxiliary beamsplitter cubes, and 
finally refocused onto each of the detectors by an additional 
lens system in each leg. The first auxiliary beamsplitter will 
reflect only 15% of the light to the AGC detector leaving 85% to 
be divided between X and Z detectors. 

The design of the collimating and focusing lenses 
requires careful attention in order to control measuring errors 
caused by aberrations in this system. The critical requirement 
of this relay system is the high-acuity imaging of the 0.125 inch 
square representing the image in the undeviated position. 
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It will be realized that, in the presense of mirror 
deviations from the normal position, the image will move from 
this central square and fall partially on one or more of the 
off-axis detectors. As it does so, however, it is not essential 
that the outer portions of the image remain as sharp. For 
example, if coma were to spread the outer portions of the image, 
the total energy on the detector would not be affected, and the 
signal generated would be the same as it would be with perfect 
imagery. 


As a preliminary statement of the requirements for this 
system, therefore, we have selected the following values for the 
parameters of the lenses of this relay system: 

Off-axis angle represented by central square :± 3° 

Focal length: 1.2 inches 

Pupil size: 0.058 inches 
f/no based on* pupil: 20.6 

Pupil perambulates around a circular zone of 0.655 inch 
radius on lens as various experiments are interrogated 
f/no based on perambulation zone: 1.37. 

We will set a criterion of 2 arc-seconds equivalent 
mirror rotation for the allowable image position error due to 
aberrations in the relay system. That is, a position error of 
350 microinches in the detector planes. The open question 
remaining then, is the complexity of the relay lenses necessary 
to accomplish this? it is judged to require modest design effort 
but not to be an extraordinarily difficult task nor to require 
more than three lens elements. 
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G. Mirrors 


Minimum mirror size may be derived from the expression: 
M = p + (Dmax - D) h/f 


where M 
P 

Dmax 

D 

h 

f 


= mirror width and height (minimum) 

= pupil size = 0.875 inch 

* distance from objective lens to pupil = 108 in 

* distance from objective lens to mirror 

= projected size of source aperture = 0.1175 in 
= focal length = 18 inches 


We may then develop the following table for various 
experiment packages, working with AMS #1 and #2. 


AMS 

PATH 

D 

M 

Std . Mirror 

1 

MACS 

42 

1 .306 

1 .50 

1 

MLS 

103 

0.908 

1 .00 

1 

Winters 

108 

0.875 

1 .00 

1 

HRDI 

102 

0.914 

1 .00 

1 

I SAMS 

24 

1.423 

1 .50 

2 

MACS 

108 

0.875 

1.00 

2 

MLS 

24 

1.423 

1.50 

2 

Winters 

47 

1 .273 

1.50 

2 

HRDI 

63 

1.169 

1 .50 

2 

ISAMS 

82 

1.045 

1.50 


Table 5-3 Minimium and standard mirror 
sizes required 


5-12 



FINAL REPORT 


UARS-AMS STUDY 


The last column of Table 5-3 suggests the use of 
standard mirror sizes slightly larger than the minimum required. 
It may be considered most practical to further standardize to one 
common size. 

Two mirrors are presumed to be secured to each 
experiment in a rigid fashion. They must be placed to face 
toward AMS #1 and #2, respectively, to within one arc-minute in 
both directions. It is presumed that each experiment will have 
an alignment cube whose faces have a known relationship to the 
boresight of the experiment. Installation of this cube will be 
under the control of the Experimenter. 

The mirrors to be used by the AMS will presumably be 
installed at the facility of the Integration and Test Contractor 
(ITC). From the data supplied by the Experimenter as to the 
relationship of the reference cube to the boresight, an<3 the 
specified direction to the AMS, ITC will then install the AMS 
mirrors to within one arc-minute of the desired pointing 
direction. 

The mirror mounts are not yet designed. The design 
concept, however, is a cast bracket adapted to mounting to a 
horizontal surface of the experiment (i.e., parallel to the 
I OB ) . This bracket will support the mirror in a vertical plane 
and at the height of the AMS optical measuring plane. Provision 
of such a mounting surface will be the responsibility of the 
Experimenter. Three tapped holes for securing each bracket 
should also be provided in the experiment package, at positions 
defined by the ITC. 
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A single bracket supporting both mirrors might be 
preferred, but because of the varying angles from AMS #1 and #2 
such brackets would require a custom design for each experiment. 
We will assume separate brackets for the present. 

The normal to the mirror can be adjusted by the ITC to 
the proper azimuth pointing direction by tapping the bracket into 
alignment and securing the mounting screws by tightening and 
staking. In elevation, however, no such alignment means is as 
conveniently available. For this reason, the optical tilt plate 
mounted in the AMS is provided to achieve alignment in the 
elevation direction to within one arc-minute. If the nominal 
error exceeds 10 arc-minutes the bracket must be lapped to bring 
the error within this range. 

Since the angular measuring range of each optical path 
has ben designed to be one arc-minute greater than the specified 
range, the residual, misalignment will be accomodated by the AMS 
instruments. 

i 

Mirror flatness will be specified to 1/10 wave and 
coatings will be evaporated silver or aluminum with overcoating. 

H. Optical tilt plate 

A means for adjusting the pointing direction of the 
optical beam from each objective lens in the vertical sense is 
required if excessive demands on the accuracy of mirror 
attachment are to be avoided. 
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A pair of optical wedges could be placed in front of the 
objective lens which, by adjustment of their rotational attitude 
(around the optical axis), could be made to adjust the pointing 
direction in both elevation and azimuth. 

An alternate approach is the use of an optical tilt 
plate, which is a plane-parallel glass plate mounted in the 
diverging/converging beam between the objective lens and focal 
plane. By tilting this plate around one or two transverse axes, 
normal to the optical axis, elevation and/or azimuth fine 
adjustment of the autocollimator pointing direction can be 
achieved. 


This method of fine adjustment was actually used in the 
Magsat instruments and has been extensively used on other 
programs as well. One consideration in selecting the wedge or 
tilt plate is accessibility of the adjusting means; another is 
relative complexity of a gimbal system required by the tilt plate 
for two-axis adjustment. 

We have selected the tilt plate as the preferred 
approach, particularly if used, as now anticipated, for obtaining 
adjustment capability in one direction only. 

This tilt plate will be 1/4 inch thick BK-7 optical 
glass, large enough to intecept the entire beam in the plane in 
which it is mounted, specified flat to 1/10 wave, and adjustable 
by means of a screw accessible through the objective lens ring. 
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J. Interference filter 


As part of the solar-discrimination provision, a narrow 
band interference filter will be provided outside the objective 
lens. This filter will have the following characteristics: 

Peak transmittance: 60 percent min., at 670± 10 nm 

Bandwidth at half-power points: 60 ± 10 nm 

Bandwidth at one percent power points: 100 nm max. 

Other characteristics would be similar to those 
specified in BEC drawing A 208302-2022 which is reproduced in 
the Appendix, modified as necessary for the operating wavelength 
and size requirements. 

Calculations for the Magsat filter indicated a total 
integrated power transmittance for solar radiation directly 
incident normal to the filter to be 0.04 percent, or 0.5 mw. For 
the worst-case UARS link (AMS #2 to MACS) which requires a 4-inch 
diameter aperture, the solar power admitted, assuming full 
sunlight parallel to the optical axis, would thus be 4 mw. 

The detector arrays subtend a total angle of 1.27 
degrees in both directions, and if the solar energy were incident 
on the filter within this angular domain relative to the optical 
axis, the detector temperatures would rise, and the AGC circuit 
might no longer function accurately. No permanent damage would 
be done to the detectors, however. The incidence of the 4 mw of 
solar power admitted to the AMS is considered to be negligible 
with respect to any thermal effects. 
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In addition to the exclusion by the filter and the 
narrow field of view of the instrument, the third protection 
against errors due to solar energy is the fact that the LED light 
is pulsed and the detectors are ac-coupled to the amplifiers, so 
that dc light could not generate false signals. This means that 
"glints" of solar radiation that might be reflected into the 

system could not give rise to measuring errors. 

* 

K , Detectors 


The detectors used in Magsat and selected for UARS are 
PIN silicon diode detectors. They are used in the unbiased mode 
for maximum stability which is completely appropriate for 
low-frequency applications. 

The silicon diode has become the standard of the 
industry for calibration purposes with visible light because of 
its stability and linearity over many orders of magnitude. 

The actual configuration to be used will be a custom 
design, as it was for Magsat. In that program, the device was 
purchased to a Source Control Drawing, which is reproduced in the 
Appendix and will be modified to reflect the detector sizes 
designated for UARS. 

In the fabrication of the detectors for Magsat, the 
manufacturer (Aeronutronic-Ford ) selected adjacent areas on the 
mother flake from which the detectors were cut, in order to get a 
close match in responsivity between error and AGC detectors. 
Measurements indicated matches between 0 and 3 percent, with the 
accuracy probably limited by the test method. 
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Improved technology now indicates the feasibility of 
making the detectors by laying down a monolithic structure on the 
finished substrate instead of cutting dies from a larger flake 
and transferring them to a separate substrate. As a fallback 
position, however, the detectors can be made by the previous 
method, and the calculations made herein are based on that 
supposition. 

Principal characteristics conservatively estimated for 
the calculation of Signal-to-Noise ratio and various 
contributions to error are: 

Responsivity: 0.3 amps/watt 

D*: 10^ 2 watts/cm Hz 

Responsivity match: 2 percent 

Temperature coefficient of responsivity: 0.2%/°C 
Temperature coefficient of responsivity match between 
detectors: 0.02%/'C. 
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M 

Optical Error Budget 

1 , Spherical aberration 

The influence of spherical aberration is limited by 
the pupil size alone. Thus, even in the objective lens used in 
the AMS # 2-MACS link, which requires a lens of about 4 inch 
diagonal, the pupil size for any one point in the image is only 
0.875 inch. Therefore, the effective f-number is 20.6, and the 
associated spherical aberration is only 0,12 arc-seconds 
equivalent mirror rotation for two passages through the lens. 

The only region of the image where image quality is 
critical is at the inside edges of the detector elements, where 
division of the image into "off the detector" and "on the 
detector" areas is accomplished. The reflected bundle from the 
mirror does perambulate across the objective lens aperture as the 
mirror is deviated, but for points at the critical edges 
mentioned above the effect of spherical aberration is not 
significant. 

On the following pages are shown a plot of 
transverse spherical aberration of the lens (double passage) and 
the computer printouts. Contributions to error will be either 
the same or smaller with other links. 

2 . Effect of curvature on filter or tilt plate surfaces 


Slope angle of surface = dh/dx 
h = x 2 /2R 
dh/dx = 2 x/2R 

= 2 h/x 

For 0.1 wave flatness, h = 5.5 x 10“ 5 mm 
For MACS path, xmax = 50.8 mm 
For exper. paths, xmax - 38.1 mm 
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Then for MACS , slope angle- at edge * 0.22 sec. 

Then for exper. slope angle at edge = 0.30 sec. 

Then, from D = A (n-1) for a thin wedge. 

Deviation at edge of MACS = 0.51 x 0.22 = 0.11 sec. 
Deviation at edge of exper. =0.51 x 0.30 = 0.15 sec. 

For 2 sides, assuming randomly combined, 
max dev. of MACS = 2 x 0.11 =0.16 sec. 

max dev. of exper = 2 x 0.15 =0.21 sec. 

Effect on beam, however, is weighted mean, which we 
will take to be half the above. 

Then expected dev. for MACS = 0.08 sec. 

exper = 0.11 sec. 

3 . Effect of curvature on polygon faces 

Assume a flatness specification of 0.1 wave over the 
length of each polygon face actually used by the ^converging 
bundle. For AMS #2 path from MACS, this length is scaled to be 
from 40 to 98 mm, the latter associated with MACS. 

Then since the slope angle = 2h/x 
(h = sag = 0.1 x 5.5 x 10 ~ 4 mm 
x = semi -diameter = 49 mm (MACS) 

= 20 mm (Winters) 

Slope angle = 1.1 x 10“ 4 /49 = 2.24 x 10"6 
or 1 .1 x TO -4 /20 =5.5 x 10 -6 

Beam deviation = 2 x slope angle 

= 4.48 x 10“ 6 (MACS) 
or 1.1 x 10”5 (winters) 
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Displacement in image plane 

- 4.48 x 10"6 x 258.7 - 1.16 x 10"3 mm 
or 1.1 x 1 0-5 x 177.8 = 1.96 x 1 0“3 

Equivalent mirror rotation = 2 x disp./2f 

= 1.16 x 10“3 /457 = 2.54 x 10“ 6 
or 1.96 x 10-3 / 45 7 = 4.29 x 10" 6 

In arc-seconds, this is 0.52 arc-sec (MACS) 

or 0.88 arc-sec (Winters) 

Since these are maximum slopes at the edge of the 
beam, however, the change in slope from a centered return beam to 
a displaced one, integrated over the pupil size, is estimated to 
be not more than 1/3 this maximum, or 

0.17 arc-sec (MACS) 

0.29 arc-sec (Winters) 

5. Effect of curvature on main beamsplitter 

Assume a spec of 0 . 25 wave flatness on surface of 
beamsplitter, width 38.1 mm. 

Then slope angle = 2x 0.25 x 5.5 x 1 0 ~4 

19.05 

= 1.44 x 10-5 

Deviation inside glass = slope angle/n 
* 9.53 x 10-5 

Displacement in image plane 

= 9.53 x 10-5 x 38.1 = 3.63 x 10“ 4 mm 

Equivalent mirror rotation = 2 x disp/2f 
= 3.63 x 10-4/457 
= 7.95 x 10-7 


0.016 arc - sec 
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•6. Error contributions from relay lenses 

These relay lenses are not yet designed, but it is 
considered feasible to specify a limit of 2 arc-seconds 
equivalent mirror rotation from this source, and they will be so 
specified. 

7. Auxiliary beamsplitters 

Following the same course of analysis used for 
evaluting errors introduced by the main beamsplitter, the effect 
of the auxiliary beamsplitters is estimated to be the same for 
each, or a total of 0.04 arc-seconds? 

8 . Detector non-uniformity 

Typical silicon detectors have microstructure which 
results in variations in responsivity up to i 5 percent over the 
area of the detector. The integrating effect of a finite sized 
image reduces the effect of this variation, however, and we 
propose that a non-linearity factor of ± 1 percent of the reading 
be allowed for this variation. Therefore, a maximum of 6.60 
arc-seconds is allowed for the worst case measurement of MACS, 
and 3.60 arc-seconds for any of the experiments. 


5-22 


PINAL REPORT 


UARS-AMS STUDY 


VI . MECHANICAL CONFIGURATION 


As a measurement instrument/ the AMS requires great 
positional stability and maintenance despite environmental 
changes such as loads encountered during liftoff and thermal 
excursions during orbiting. Some of the major mechanical 
components of the AMS configuration are identified as follows: 
(See Figure 6-1) 

1. Base Plate 

2. Tripod Mount & Optical Mounts 

3. Reflecting Polygon 

4. Cylindrical Housing 

5. Flexure Blade Supports 

6 . Shroud 


The following mechanical design guidelines were taken 
into consideration for the design of these components: 


Structure : 

1. Provide ample structual strength to withstand launch 
load conditions (8 g per axis with an M.S. of 3). 

2. Provide good structural rigidity throughout 
(a high first frequency for the system). 

3. Provide continuous casted parts where practical so 
that the number of mechanical joints are minimized. 

4. Provide kinematic mounting of the system with 
flexure blades to eliminate viturally any base 
distortion resultant from the contraints of the 
support. 

5. Minimize available clearance in through-slots and 
through-holes to insure minimal potential shifts 
due to launch loads and vibration. 

6. Provide pinning at joints where possible to prevent 
relative movement at connections. 
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7. Provide through slots that face radially inward on 
the Tripod feet for mounting to prevent any mechani- 
cal constraint radially during base plate growth or 
contraction. 

8 . Provide good surface contact on the locking rings 
for the mounting of the lenses to minimize contact 
stresses during launch conditions. 


Thermal : 

1. Provide high conduction paths from LED's and 
associated electronics (low voltage requirements 
^ 1/3 watt) to lead to near uniformity of temper- 
ature distributions. 

2. Provide as much configuration symmetry as possible 
to minimize temperature differences. 


3. Minimize the number of joints to reduce the amount 
of thermal contact resistance across interfaces. 


4. Provide for lapped or finely ground surfaces 
at mechanical interfaces to minimize contact 
resistance . 


5. Provide for flexure mounting of system for 

additional thermal stability during base plate 
growth and contraction. 


6. Provide for sufficient thermal isolation of the 
mount interface from the optical bench to allow 
stray gradients to distribute uniformly. 
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Individual components were given additional design 
considerations as follows: 


A. Base Plate 

This is projected to be an aluminum casting for 
supporting the tripod, polygon, and lens ring. The plate has 
raised pads on top for the tie-down locations of these 
components. These pads are to be lapped or subject to a fine 
microfinish grinding operation to insure flatness and good 
thermal contact. The underside has clamps for easy assembling 
to the flexure blade arrangement. 


B. Tripod & Optical Mounts 


This is projected to be an aluminum casting for 
supporting the light signal processing optics and detectors. The 
base feet have lapped or fine microfinished surfaces for 
interfacing to the base plate. These feet have slotted through 
holes facing radially inwards so that the system is not 
mechanically constrained during base plate growth and 
contraction. The relatively large cross section for the tripod 
legs provide good conduction paths to minimize potential 
temperature differences between legs. Adjustment is provided for 
on the critical optics and detectors so that relative positions 
and locations might be acquired accurately. The intention is to 
pot or stake any adjustment screws after final system 
positioning. 

C. Reflecting Polygon 


This is projected to be made of a low-expansion glass 
such as Zerodur. The underside is to be lapped for interfacing 
to the raised, f ine-microf inished pads of the base plate. The 
center is pinned to the base plate to prevent translation. To 
prevent rotation without having a mechanically constrained 
system, at least one mount point location will have a closely 
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controlled through slot facing radially inward. The fifth 
reflecting facet for the Winters experiment is projected as being 
pinned in position with an epoxy fillet running around the 
periphery of the mating surface to the large polygon. 

D. Cylindrical Housing (Lens Mounts) 

This is projected to be an aluminum casting. Top and 
bottom surfaces are to be flat and have fine microfinish surfaces 
for mating to the base plate and shroud. The lens portal in the 
casting is to be machined while assembled to the base plate so as 
to increase the alignment accuracy for the optics. 

E, Flexure Blade Supports 

This is to be made of a high strength aluminum alloy 
such as (7075). The four inch long by .065" thick geometry is 
designed to be compliant to base plate growth and contraction and 
yet be supportive as a system during the launch environment. As 
a system, the blade-base plate mount possesses a high stiffness 
and high first frequency. 

Mechanical Error Budget 

If the AMS system were to be calibrated on earth, a 
potential shift of position might occur to the tripod during 
liftoff that would result in an accuracy error for determining 
<X t p , for the experiments. The potential shift results from 
available clearance in through-slots for the mounting of the 
tripod. The mount configuration is depicted below. 
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Allowing 0.0002 inches total diametral clearance between 
fastener and slot for the .mounting of the tripod feet, one can 
appeal to the probability of the location of the bolts relative 
to the slot and determine that a potential shift of 0.0001 inches 
is the worse case shift over the bolting circle. 

The structural strength is such that stress levels would 
remain below the yield of the materials with good margin during 
liftoff conditions. The angular change resultant from the 
clearance available can be computed based on the diagram below: 




FINAL REPORT ORIGINAL PAGE IS UARS-AMS STUDY 

Of POOR QUALITY, 

Based on a pivoting distance of 14.073" , a .0001 inch 
shift would yield an accuracy error of: 

arc tan (*0001 ) * 1.46 arc sec. 

(14.073) 

This represents the error due to potential shift of one 
AMS unit resultant from the launch environment. 

This angle results in a translation of the detector to 
produce a correspoding change in dx and A Z on the detector 
field. The translated distance is given by: (distance of tripod 
foot to detector) x tan (1.46 sec). 

=•(8.50 radius) (7.078 x 10~S) = 6.016 x 10“ 5 in. 

This represents a total potential translation of the 
detector from the reference position. Therefore, the angular 
measurements Q ( r f3 ,}f are assigned an error due to changes in 
iX*, AZ'. When the detectors are at full range & X, = dz, 

* .1175 and the total shift of 6.016 x 10“5 occurs in the Z 
direction, the worse case error is realized for which is + 

.335 arc seconds. When the total shift of 6.016 x 10“5 j, n occurs 
in the X direction, the worse case error is realized for if which 
is + .335 arc seconds. 

When the total shift of 6.016 x 10”5 j. s divided equally 
to the X and Z directions, (i.e., -4x', = A Z' = 0.1175425), the 
worse case error for (B is realized which is .345 arc seconds. 
Therefore the worse case measurement error resultant from a 
tripod shift of .0001 becomes .345 arc seconds. A total system 
error for two AMS units relating back to MAGS would be 
(.345) - 0.487 arc seconds. 
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The final mechanical configuration type error involves 
the relative stiffness of the system in a one g environment. 
During the course of calibration an error is introduced by the 
deflection of the system undar its own weight. This error might 
be broken down as a result of two major contributors: 

Tripod and optics mount 0.34 arc seconds 

System (flexure support) mount 0.92 arc seconds 

The RSS sum of the two errors becomes 0.97 arc seconds. 
Therefore, one can anticipate the error difference to exist 
between a lg and Og environment. Therefore, this error for the 
total system becomes: 

7T (0.97) * 1.372 arc seconds. 
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While the AMS instruments serve to measure angular 
changes with respect to the axis for UARS experiments, the system 
itself is subject to thermal changes which contribute to the 
uncertainty in these very measurements. A system of flexures has 
been sized for an AMS weighing 60 lbs. and subject to 8g loads 
per axis with a margin of safety of 3.0. The system appears 
belowf 



ii 


/3.S0 



/sop m^ 


o.sc" 


The material under consideration for the flexures is 
7075-T6 aluminum with the following material properties: 


J 3 = 0.101 lbs/cu in. 

A = 70 BTU-ft 

hr-ft 2 - a F 

***• = 13.1 x 10-6/° P 

C - 73,000 

a 48,000 
=■ 23,000 


(heat treated) 
(heat treated) 
(heat treated) 
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For the purposes of this stability analysis, it will be 
assumed that all of the wattage that is dissipated in an AMS goes 
through just two of the three flexure blades. In actuality, 
there is a distribution of the power through all three, therefore 
the analysis is conservative. A one-arc second change in the 
system may be represented as: 


i _ 

7 — 

/3S0‘ 


where tan (1 arc-sec) = 4.848 x 10“6 = t^ 

R 

The radius of tipping is a perpendiculr distance from 
two flexures to a third: 


t = (13. 50") (4.848 xl 0” 6 ) = 6.545 x 10" 5 in. 

The change in temperature necessary to create this arc 
second change is given as: 

T = t = (6«545 x 10~ 5 in) * 3.33®F/arc sec. 

Lot (1.5 in) (13L1 x /0'Y°£) 
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The material under consideration for the base plate is a 
castable alloy 356.0 aluminum with the following material 
properties: 

- 0.097 lbs/cu in. 

A = 92 BTU-ft 

hr-ft 2 - “ F 
= 1 1 .9 x 10" 6 /*F 

27,000 psi (sol. treated) 

<^S 094 A= 30,000 psi (sol. treated) 


Representing the resistances along the plate down 
through the flexures for a 4 T analysis the system can be put in 
terms of a circuit diagram: 


$ tie x o* £ 



where (1/R) base = KA = (92 BTU ft ) (0.50" x 4.0") 

hr-ft 2 -’F) 

( 7.00") (12 "/ft) 

= 2.19 BTU 

hr-° F 

and where (1/R)felx = M. = (70 BTU ft ) (4.0" x .055") 

L hr-ft 2 - "F) 

(1.50") ( 1 2"/ft ) 

= 1.01 BTU 

hr- 0 F 
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R * 

R + R 

* 1.45 

hr - *F 


BASE FLEX 


BTU 

R t 

= R 2 = R 

* 0.723 

hr. “*F 

“5r 2 


BTU 


Applying a margin of safety of 1.5 on the resistance to 
allow for thermal contact resistances at any interfaces will 
yield. 

R+- * ( 1 .5) (0.723 hr” # F ) * 1.084 hr~ # F 

BTU BTU 

The temperature drop associated with this resistance on 
a per watt basis comes to: 

T * (Q) (Rf) * (3.4127 BTU ) (1 .088 hr^F) 

watt BTU 

= 3,70 °F/watt 

Relating this to the arc second charge per temperature 
change to yield an arc second change per watt becomes: 

a rc seconds = 3.70*F/watt = 1.111 arc sec 

watt 3. 33'F/arc sec watt 

A similar type of analysis can be performed for the 
tripod. The material under consideration for the tripod mount is 
again, 356.0 Aluminum alloy. The mounting feet distances may be 
represented below: 




T 

/ZM 
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where tan ( larc-sec) = 4.848 x 10“ 6 = £ 

R 

t « (12. 188”) (4.848 x 1 0“ 6 ) = 5.908 x 10“ 5 in/arc sec. 


The change in temperature necessary to create a one 
arc-sec change in the tripod tip is given as: 


T ■ Jt « (5.908 x 10~ 6 in/arc sec) 
L (9.5 i n ) ( 1 1 . 9 x 1Q- 6 /*F) 


= 0.523°F/ arc-sec. 


Assume conductive paths through just two of the three 
tripod legs to determine a system resistance. The corresponding 
circuit diagram appears as: 


% t.S& 

■MA/tA- 


A/VI/IA- 


7YP. 


x 


iCG 


(1/Rleq) - kA = (92 BTU-ft ( 0.75" x 2.75" ) 

hr-ft 2 °F) ___ 

L (11 inches) (12 in/ft) 


1 .438 BTU 
hr*? 


R leg 
R t = 


BTU 


= 0.696 hr # F 
R leg 


.2 = 


R leg 


= 0.348 hr°F 


2 Rieg 


BTU 


*4 


i 

I 

I >■ 




PINAL REPORT ORIGINAL PAGE IS UARS-AMS STUDY 

0F p OOR QUALITY 

Applying a margin of safety of 1 .5 to allow for some 
contact resistance yields that: 

R t - (1.5) (0.348) = 0.522 hr~ 0 F 

BTU 


The temperature drop associated with this resistance 
on a per watt basis comes to: 

T = (Q) (R t ) * (3.4127 BTU/hr ) ( 0 . 522 hr~*F 

BTU 

+ 1.781 °F/watt 


Relating this to the arc-second change per temperature 
change to yield an arc second change per watt results in: 

arc- second = 1.781 °F/watt = 3.4 arc sec 

watt 0.523’F/arc sec watt 

This tripod movement results in a translation of the 
detector. The translation may be measured as: 

(distance of LED to pivot pt.) x tan ( 3.4 arc sec ) 

watt 

(15") (0.000016484) = 2.472 x 1 0~ 4 

If this full translation occurs in the 8 direction, the worse 
case error for <ac.is 1.41 arc seconds. If the full translation 
occurs in the X direction, the worse case error for V is 1.417 
arc seconds. If the translation is divided equally between the X 
and Z directions, the worse case error tor ^ becomes 1.424 arc 
seconds. 
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For one AMS system, the two stability errors can be 
combined in an RSS manner. Therefore, summing the errors 
associated with the flexure mount and the tripod mount results 
in: (assuming 1/3 watt dissipated) 

/^To. 370 arc sec) 2 + ( 0 4 7 5 arc sec) 2 * 0.60 arc sec 


For a system, involving two measurements (MACS and 
another experiment) the total error contributions come to: 


yT” x (0.60 arc sec) ■ 0.85 arc sec. 


Another potential error associated with the mounted 
optical/detector system atop the tripod is that due to the 
uncertainty of the calibration temperature. The cantilevered 
system can grow such that the lens detector separation and 
lens-beam splitter separation can change. Assuming a 10°C 
temperature uncertainty, a translation of the order of 0.00022 
inch is possible in two locations. This would yield errors for 
Ax, A a measurements that produce a total 1.8 arc sec error 
per measurement. The error occurs when the image is at the full 
range offset position. For a complete measurement, therefore, 
that relates an experiment back to the MACS, the total error 
computes to be: 

zfT (1,80 arc sec) = 2,545 arc seconds 


FINAL REPORT 


UARS-AMS STUDY 


Potential for an Active Heater for an AMS 


A design configuration that would increase the 
reliability and accuracy of an AMS would include an active 
temperature controller. To respond to temperature excursions of 
0°C to -80 “C a system temperature control might be designed to 
maintain a temperature slightly above 0°C. To achieve this end, 
the heaters must be able to overcome the heat losses due to 
radiation through the portal lenses and conduction through the 
flexure mounts. The projected losses include: 

Radiation though lenses = 3.8 watts 

MLI losses = 1.2 watts 

Flexure conduction losses - 7.0 watts 

12.0 ± 3 watts 

Therefore, provisions for an adequate power supply 
must be made to cover these rate of energy losses. 
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VIII. ELECTRONICS DESIGN 
A. Electronics review 


The Magsat schematics (Project 2083) have been 
reviewed. The vast majority of the components are up to date 
devices such as LM108A & LM101A operational amplifier and the 
digital circuits are 4000 series C-MOS logic chips. 

The area for redesign is the -front end amplifiers and 
the active filter networks. The present design utilizes a 
discrete dual FET input stage feeding a LM108A op-amp. Each 
preamp has a separate active filter for the positive and negative 
DC voltage inputs. 

The preamps can be designed using an integrated FET 
input operational amplifier. A single pair of active filters can 
be used for all the power to the preamps. 

The power supply for the Magsat operates from + 16 volts 
DC, and generates 15V, - 15V and +5V DC regulated outputs at 80 
ma, 60 ma nd 50 ma respectively. There is also available a +6 
Volt unregulated output for the LED drive current at 150ma. 

The circuit is a DC-DC converter utilizing an integrated 
pulse width modultor chip. 

The UARS System power input is +21 to +35 VDC. 

The Magsat power supply will need some minor design 
changes to properly operate with the higher voltage. 

The LED driver circuitry and AGC control loop is a good 
design and should remain basically unchanged. 
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The digital logic circuitry generates all signals 
required to format the output data to generate serial digital 
data for pitch, and roll channels, and a single output with all 
three channels, in their respective time slots. This circulitry 
is C-MOS technology and can remain as is for the present design. 

Since the output format for the UARS System is undefined 
it is assumed that the outputs will be the same as for the 
Magsat. If a different format is required, it would be 
advantageous to design an interface logic circuit that will 
convert the Magsat outputs to the desired format, thereby keeping 
the existing logic unaltered, 

B. Block Diagram 

The block diagram for the system as now anticipated for 
UARS, and through the Data Format stage, is shown in Figure 8-1. 

Each AMS instrument will include preamp and postamp 
stages for each of the four detectors (X, Z, AGC, and 
Compensation) in the instrument. 

The signals will then be added to an input from the 
compensation network at interface amplifiers in the electronics 
unit. Each output link will have been adjusted at the factory 
level so that, with the instrument covered, the output from the 
interface amplifiers will be zero. 

This will be achieved by applying, to each interface, an 
attenuated signal from the compensation detector just adequate to 
null out the effect of stray light that may get onto any of the 
detectors from inside the instrument. 
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For each optical link and corresponding LED, therefore, 
there will be a set of three attenuation levels to be supplied to 
the output of the compensation detector to bring the interface 
amplifier outputs to zero. Sequencing of the LED's, and the 
corresponding compensation attenuation values, will be controlled 
by sequencers which are driven by the control logic section. 

The LED's will be pulsed at 125 Hz, with the sources in 
AMS #2 90 degrees out of phase with those in AMS #1. This not 
only conserves power, but also prevents crosstalk in case light 
emitted by one instrument should enter the other. 

The outputs from the AGC channels are compared with a 
stable reference voltage and used to drive the LED's being 
energized at a particular time to a current level which will keep 
the AGC output at a standarized level, thus assuring maintenance 
of the calibrated scale factors. 

Signals from the error amplifier will be synchronously 
demodulated and passed through low-pass filters. A 
sample-and-hold in each output will not only eliminate the 
effects of the synchronous demodulator switching transients but 
'error signal rise time variations as well. 

The filtered signals will be routed to a multiplexer 
which sequentially passes the analog signals from the four error 
detectors through a buffer to a 10-bit A/D converter. A serial 
data formater will add the instrument, axis, and target 
information to the output data stream. 
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C. Power Requirements 


INITIAL 


S/C INPUT ESTIMATED 

VOLTAGE ( VDC) POWER (WATTS) 

3.5 
3.8 

MAXIMUM - AT END-OF-LIFE 


21 

35 


21 

35 


5.0 

5.5 


D. Electronic Error Contributions 


The electronics design for UARS will follow closely the 
design used for Magsat. We can rely heavily, therefore, on 
calculations and testing' accomplished during that program. 

The change in gain (therefore output) of the system has 
been calculated for the Magsat wherein temperature excursions on 
the optical bench wc :e limited to ± 2*C and excursions of the 
electronics box (mounted separately) were ± |0°C, Variations in 
gain were taken to be additive, since temperatures of all 
components would change in the same direction with environment. 

For UARS, we have postulated a ± 10°C temperature 
excursion on the optical bench and kept the & 30* C variation 
assigned to the separate electronics. 
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The total effect of such changes has been calculated to 
be ± 0.41 percent in the worst case combination. 

In addition extensive tests of the Magsat circuitry were 
carried on to determine AGC loop gain changes over the 
temperature range -10 9 C to + 50°C and with the optical 
attenuation in the system (called k in the report) varied over a 
6:1 ratio. The maximum changes of output within this matrix of 
test conditions were 0.1%, and in most cases much smaller. These 
changes all appeared to be generated by temperature, however, not 
by the attenuation. 

Since this 0.1% is part of the previously calculated 
0.41%, the latter number will be used. Applied to MACS 
measurement, the maximum error would be 660 x 0.0041 = 2.706 arc 
sec. For any of the experiments, the maximum error would be 
1.476 arc-sec, and the RSS sum 3.082 arc-sec, in each axis. 
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IX. CALCULATION OF SIGNAL-TO-NOISE RATIO 


The following calculation is based on a system using the 
Honeywell-Spectronics visible Light Emitting Diode, Catalog 
SPX-2284. This item is not listed in the above company's 
standard catalog, but is available on special order. It is a 
stud-mounted device, supplied with a hermetically-sealed window. 
It would be procured according to a Source Control Drawing 
similar to SCD 21-459, which defines the LED used on Magsat. 

The visible-lighc LED is recommended for the UARS AMS 
bcause of the advantages in assembly, alignment, and focusing 
achievable with the visible device, while still having adequate 
radiant output for the application. 

The radiance, in watts/cm 3 ster, may be calculated from 
the known area and output radiant power of this device, which 
radiates according to Lambert's law. 

N = P/A to 

where N = radiance 

P = radiant power output 
A = area from which emitted 

- solid angle into which emitted 

The device is rated at 1.0 amps continuous, maximum. 

When pulsed at 0.5 amps, 16 Hz, 50 percent duty cycle (i.e. 
square wave) the average current is only 25 percent of maximum, 
allowing more than the required derating for diodes used in space 
applications. At this current level, radiant power output is 
typically 1.17 milliwatts, and its emitting area is 4.56 x 10“ 3 
cm 3 . 
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Then N * 1.17 x 10“ 3 /(4.56 x 10" 3 x TT) 

* 0.0817 w/cm 3 ster 

The irradiance of the image is given by: 

H = N To) 

where H = irradiance in watts/cm 3 
N = radiance of source 
T * transmittance of entire system 
CO ■ solid angle subtended at image plane 
by pupil of the system 
- pupil area/ (focal length) 3 


T is estimated by combining transmittance or reflectance 

of every surface in the system from LED to image, as follows 
• * 

(assuming refracting surfaces are coated with high-efficiency 
coating at the operating wavelength of 0.67 urn): 


Condenser lens 0.995 

Field stop reticle 0.995 

Main beamsplitter 0.4975 

Polygon 0.98 

Objective lens 0.995 

Adjustment plate 0.995 

Filter 0.40 

Remote mirror 0.98 

Filter 0.40 

Adjustment plate 0.995 

Objective lens 0.995 

Polygon 0.98 

Main beamsplitter 0.4975 

First relay lens 0.995 

First relay beamsplitter 0.8458 

Second relay beamsplitter 0.4975 

Second relay lens 0.995 

Detector window 0.975 

Total 0.0146 
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CO 
or H 


TT (0.875 2 ) / (4 x 1 8 2 ) 

1.856 x 10“ 3 ster 

0.0817 x 0.0146 x 1.85 6 x 10“ 3 

2.21 x 10~6 watts/cm 2 


The area of image strip transferred onto one detector as 
a result of a one arc second mirror rotation is: 


A * height of image x width of image strip 

x 4.848 x 10" 6 x 18 x 2.54 


The radiant power transferred onto one detector, 
therefore, is equal to: 


0.1175 x 2.54 x 2 


1.323 x 10“ 4 


cnr 


HA = 2.21 x 10“ 6 w/cm 2 x 1.323 x 10" 4 cm 2 
= 2.93 x 10“ 10 watts, peak-to-peak 


1.32 x 10“ 10 watts rms. 


9-3 




FINAL REPORT ORIGINAL PAGF r«r UARS-AMS STUDY 

» poor Quauu 

Each detector pair will consist of two elements, each 
having a width (in the sensitive direction) of 0.13 inch (0.330 
cm) and height ( non-sensitive direction) of 0.400 inch (1.016 
cm). The area of each is thus 0.335 cm 2 . For a detectivity (D*) 
of 1012 cm Hz^/watt, the NEP will be 0.67^ cm x 10 -12 watts/cm Hz“^ 
» 8.19 x 10" 13 w/Hz^. 

Since the changes, anticipated are of very low frequency, 
we may use a bandwidth of one Herz as a maximum. Then NEP = 8.19 
x 10“ 13 watts. 


Therefore signal-to-noise for one arc-second mirror 
deviation is: 


or 


1 .32 x 1 0-10 / 8.19 x 10-13 
S/N = | 161 


for 1 arc-second deviation. 


Stated differently, the noise-equivalent angle is N/S, 


NEA 

r 


0.0062 arc-seconds. 


This indicates that random noise at the detector output 
is at least two orders of magnitude below the required precision 
of measurement. It is also far below the resolution of 1.2 
arc-seconds per bit suggested by the letter from OAO Corporation 
to Mr. Earl Moyer, dated 23 September, 1982. 


The unbiased silicon detectors will have a responsivity 
of at least 0.3 amps/watt at 0.67 urn. In terms of current, 
therefore, the signal level at the detectors will be 4 x IQ-11 
amps rms, per arc-second mirror rotation, or 2.64 x 10“ 3 amps rms 
for maximum deviation. Noise will be 2.46 x 10“ 1 3 amps rms. 
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X. ERROR SUMMARY 

(See 

A. Optical error contributions (30”) (arc-seconds) Page) 




MACS path 

Experiment 


1. 

Spherical aberration 





(objective lens) 

0.12 

0.12 

5-19 

2 , 

Filter curvature 

0.08 

0.11 

5-19 

3. 

Tilt plate curvature 

0.08 

0.11 

5-20 

4. 

Polygon curvature 

0.17 

0.29 

5-21 

5. 

Main beamsplitter 

0.02 

0.02 

5-21 

6. 

Relay lenses 

2.00 

2.00 

5-22 

7. 

Auxiliary beamsplitter 

0.04 

0.04 

5-22 


RSS sum- x 2 

2.85 

2.85 


8. 

Detector non-uniformity 

6.60 

• 

3.60 

5-22 


RSS sum 

7.20 

4.59 



Then determination and ^difference between 
MACS and the individual experiments will be subject to the RSS 
sum of these values. 


RSS 8.54 

B . Mechanical Configuration Error (3 <r) 

1. Launch Load Shift .487 

2. Zeroto 1g Calibration 

1.372 
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Error 


RSS 


1 .456 
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UARS-AMS STUDY 


Thermal 

•Configuration Error 

Ocr ) 

(arc seconds) (See 



Page) 

1 . 

Tripod Stability 

0.667 

7-7 

2. 

Flexure Stability 

0.523 

7-7 


RSS 

0.849 



3. Thermal Calibration 

Error (assume 10*C change) 2.545 

RSS 2.682 


D. Algorithm Error (3C ) 

1 . EXACT Algorithm 

approximation 6.448 

2. & , '4> uncertainty to 

±10 arc minutes .07 

RSS 6.448 

E . Electronic Error ( 3 cr) 


A- 1 5 


1 . 

MACS 0 thermal effects 

2.706 

8-5 

2. 

Experiment thermal effects 

1 .476 

3-5 

3. 

A/D conversion resolution 

0.600 

9-4 


(nearest LSB) 

Differential change in res- 
ponsivity of detectors 
(ACG vs error detectors) 


1 .320 


5-18 


RSS 3.406 


Grand RSS total using approximate 
algorithm: (3<7~) 11.63 

Grand RSS total using exact 


algorithm: (3 <r ) 


9.70 


warn 
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APPENDIX A 

DERIVATION OF ALIGNMENT ALGORITHM FOR THE AMS 
(ALIGNMENT MEASUREMENT SYSTEM) OF UARS 


1.0 Introduction 

The AMS System utilizes two individual instruments to determine 
precisely the boresight pointing directions of individual instrument 
packages on the UARS relative to the ACS. Each of the two AMS instru- 
ments are positioned such that for each individual UARS instrument, 
two different lines of sight are achieved for targeting the reflectors 
of that instrument. Given this difference in the boresight direction 
from the AMS units, detector signals can be processed to yield 
information regarding UARS instrument angular orientation changes 
with respect to three reference axes. The following analysis derives 
the associated algorithm for transforming the changes in optical 
signals on the respective pairs of detectors for each AMS. 


2 . 0 Algorithm Derivation 

The angular measurement system for the UARS is represented below 
(Figure 1) in terms of general configuration of an instrument on the 
optical bench and two alignment measuring instruments. AMS #1 bore- 
sight is oriented at 0 from the x-axis and AMS #2 boresight is oriented 
atj£ from the e-axis. 


A-l 


*n iWw 


iviinu 




I ■■■■■■■■ ■■■■■■■■ Ufil 


isar 




inikw 


KM 




mmsi 


■■■■■ 


IBM 






The reflection vector to each AMS undergoes rotation 
( £<=* , Zfi t 2.X* ) about ( i j ^ ) respectively resulting from 

the angular changes ) of the UARS instrument. The reference 

reflection vector for AMS #1 is located in a reference coordinate system 
from which changes are measured and which has the designation: 

( Asi,^ j ) ; and for AMS #2, the reference reflection vector is in 
a reference coordinate system denoted by ( A/X a , Aaj 2 ; A ^ ) . 

Initially, to analyze the coordinate transformations for the tip 
of the reflection vector, three transformations of coordinates will 
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be conducted involving positive rotations of 2 . 0 ) 2 ^, , and 

about the axis, y axis, and x axis respectively. The initial 


is depicted below: 


V/l 




The new coordinates are: 

st/i — -/X, *4>cn. 2. )f +a/) C64 2 <T 

^2 * 

The second rotation of 2/2 about the y axis is shown as 


mmmarnr/m ■■■ 


»s.sggf gawgyg! 




irr<i 


A-3 
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The coordinates after two rotations are: 

- /Xt C&1Z/& — fa ^ 

4* - <y- 

fa ~ + <fad*4 Z/3 

The third rotation ofi®*- about the x axis is shown as 


HI# 








After this third rotation, the coordinates become: 

/X ¥ — St's 

= */ 3 (g 

%. - -*/z + fa CXXL £<=*: 

For small angles £ od , 2.^3 , 2. X the following simplifications 

(z*2) — c** 1 (zfl) ~ X) ^ t 


^U/?V 


yrvfe^O - 2 c*. t (s/3)-2fi ) 
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Taking the equation #3, 2 and 1 and substituting for variables 
such that slCfi} y are explicitly in terms of 

it is found that: 

- fy’f2/2) 

<y* = i r) + <j, + fy, (z°d 

<h = 'Z',(2@-C/ l (2.'x)+$> 


For this 
therefore the 


system# where the detectors lie in the x-z 
expressions become: 



==* 


Cj* 



0 * 

- /pf (2fi) 




Substituting the expressions for /&, j /^ f for AMS #1 results 
in the following: (Figure 1) 

^ c? v 

— / y / A a/ — c&< 2,6 Cz'K) — & ^°v 

zF 

^ zF 


A similar series of three rotations can be performed for the 
AMS #2 reflection vector resulting in: 



t 

— /X, 

-tyCzp) 

<y* 

= -sc/frv) 

+ $,feo c) 

'h 

- ^c‘,(¥> 

+4 
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Substituting the expressions (Figure 1) for j results in: 

s&j —/Xj' - A/*' ssr -ccklj' 

> - 

=* Ay' = ->MnF (&t) +c*lICzo<) (Q 

3t£J%L = r A± ** ^ ICz ^ 

Solving equations (5) and (6) for^ yields: 


<6 — A/X 

2cf(Zu* &) 


&i(3 = -A^x ' 

2 <4* CctAtg) 




The two equations containing relationships for 2cX and 2 X 
are taken from (5) for AMS #1 and (6) for AMS #2 

A y — -O&L&CzV) — 




A^_ = 

cf' 




£Cz'x) +- <m<l3l Cz’*) 


Setting up a matrix solution for these two simultaneous 


equations results in: 





Ay/r 
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2.V= j 


CAcJE. 

. J 

+ fane) 



“Z&6 * * & 

[ — 0c*i& 







—dj*A £ 



1 

II 

y 

<M 




p 6sa 0 


— fcdaSctoF 


can be determined by relating them to the actual 
measurable quantities on the detector AX,AZ . The relationship 
can be found for AMS #1 by trigonometry and a rotational transformation 
of coordinates as shown in the diagram below! 



The detector measurement axes are along 4X, , 42, axes and the 
Reflection vector is oriented normal to the axis and parallel to 

the ^^7 axis. Therefore, given the angle of orientation of 0 for AMS 


# 1 , the relationships are: 


A/x = C AX/ &+ A 

+ AZ,c*t0)cAa8 

Aso =(-AX,c~e+AZ,^»d) 


C") 
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For determining Aq the diagram below helps to illustrate the 
relationships in terms of ) A for AMS #2 which is oriented 

at angle $ with respect to the e axis. 
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Here the measurable quantities are AX Z , A 2 ^ and the relations 
for Ayj j <4^- are 9i ven as: 

A/t 1 — ft dX z C^aStT- A 

x a*) 

Asj J - - 4zr| ^ 

A # 1 -CdXzdAt^— 


Substituting the expressions for £*l AsfyA^f' from equation 
#11 and 12 into the function for ^ f and ^ (equations #7, 9, 10) 
will yield the required angles as functions of measurable displacements 
on the detector. The resulting equations appear as: 

<OC = f~A X, e»4& ■* 


2zfi 

- 

2J 


dd< 




(4 


-2X(c»iCe-30j 


A- 10 


I 

II 


r 


r** 
i < 

1 * 
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Error Analysis 

In determining an angular change ( ^ ) with respect to 

the reference axes ^» ) ^ or UARS instruments the AMS system 

has associated with it an uncertainty in this measurement. The first 
uncertainty to be considered is due to the higher order approximations 
that were made in deriving the algorithm. The following analysis 
includes all higher order terms. From equation (3 ) , the 
coordinates appear as: (for AMS #1) 



^3 



<y* 

" </z 


0$ 

fa 

II 

(0 s 

& 

> 



Substituting the expressions for from equation #2 results 

in the following: 

^ +^C2<=<) 

fa “ ^ 


Substituting from equation #1 for^^.^^.^ results in the following: 
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'fry ~ 


These equations become the following by allowing ^ to go to zero 

(reference position of the detector plane) : 

» 

-/*, - fefi) 

<y* -<y> =A <y = <*, £<*) 


Substituting ¥ into the expression for in terms of A,* 


results in: 


= yx,IT^ Os) 


Substituting expressions 'tnft i 


into 


results as: 


A- 12 
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(2oc) — $ 

(/$ 


for 


Similarly, considering the AMS #2 instrument, the expression 



- it 

Substituting for 2^3 and the expressions for and ^ results 


m : 




= ^—/Ltundf) -Ay*' + 


l 


J 


<?£ 


Setting up the matrix solution for the simultaneous equations 


#15, #16 and 2©< results in: 


2&- = 


— ctdd. & 

I A <fZ 

_ Ufc*# 7 


A-13 
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07 ) 


2 «. 


-~sd4*\ ate*#) + 


where equation #11 gives A^y and As# in terms of the measurables 

* A/X =? (AX/s&a & +^2?, cUM & 

. A^j — A Y; C Ukt& + A Z?, & 

where equation #12 gives A^y and 4*' in terms of the measurables 

4Yz t 4?*. . 

Ay~J/Xz = ~AXz^>F~Az f a 

A/*' - C^Yz dAtF— 4^ SLrMt * n ]t)cZ><rF 


Comparing the expressions derived in #13 (the higher order 
approximation) versus #17 (which includes higher order terms for 
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All instruments of the UARS at ( 3 IT ) with respect to AMS #1, 
#2 respectively will be tried at a maximum deviation of - 

.1175 inches for determining the error difference, with ^ set at 18 


incnes . 


Instrument 

& 

_2~ 

OC 

(Approx) 

cxl 

(Exact) 

x5 c< 

MACS 

233.5° 

270° 

673.225 

669.378 

+3.85 

ISAMS 

46.0° 

222.5° 

673.225 

676.108 

-2.882 

HRDI 

14.0° 

162.0° 

673.225 

670.224 

+3.002 

WINTERS 

O 

O 

• 

149.0° 

673.225 

667.771 

+5.454 

MLS 

-9.0° 

134.0° • 

673.225 

665.590 

+7.635 

An RMS value of 4.56 arc seconds will be budgeted to the error 


in using the approximation to the exact algorithm for an experiment. 
Relating this measurement back to a MACS will result in an error of 


n/r~ x 


(4.56) = 6.448 arc seconds 
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ABSOLUTE MAXIMUM RATINGS 


Reverse Voltage 

(at 25 °C Case Temperature) 


Continuous Forward Current*- 

(at or below 25 °C Case Temperature) 


300 mA 


Storage Temperature Range r-55°C to +125 °C 

Solder Lug Temperature for 10 Seconds... +240°C 
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Derate linearly to 100°C case temperature 
at the rate of 4 mA/degree. 
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SCOPE 


This document establishes the requirements for the 
procurement of a gallium arsenide light emitting 
diode. 


Physical Dimensions : See Figure 1. 


Optical Eatings : See Table I. 


APPLICABLE DOCUMENTS 


In the event of conflict, the requirements of the 
contract or purchase order, this document, and the 
referenced documents’ shall govern in that order. 


The latest issue of the following documents, in effect 
on the effective date of the contract or purchase order, 
form a part of this document to the extent specified 
herein. 


Specifications ‘and Standards 
Military Specifications 

MIL-S-19500 Semiconductor Devices, 

General Specification For 

MIL-1-45208 Inspection System Requirements 

NASA Specifications ' 

NHB-5300.4 (1C) Inspection System Provisions 

For Aeronautical And Space 
Systems Materials, Parts, 
Components, And Services 
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ISHEET 



j 

| 


| 




1 



3.0 

3.1 

3.2 


3.3 


3.4 


jp 
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(Continued) 

Military Standards 

MIL-STD-750 Test Methods For Semiconductor 

Devices 


Texas Instrument 
Specification 

TIL-23-24 HR Product Acceptance Test 

Specification 


REQUIREMENTS 


Unless otherwise specified, the diodes shall he in 
accordance with the general requirements of MIL-S-19500. 


Electro-Optical Performance Characteristics 

Unless otherwise specified, the electro-optical per- 
formance characteristics shall be in accordance with 
Table I, and apply over the full recommended ambient 
operating temperature range. 


Electro-Optical. Test Requirements 

The electro-optical test requirements shall, be in 
accordance with Tables II, III, IV, V and VI, and shall 
constitute the minimum electrical test requirements 
for screening, qualification, and quality conformance. 


Marking 

Each device shall be legibly and permanently marked. 
If the physical configuration of the device imposes 
a limitation on the amount of information that can 
be placed on the device, the following order of pri- 
orities shall apply: 
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Marking - (Continued) 

a. EEC Part Number (21-459-0001) 

b. Device Serial Number 

c. Lot Date Code providing both the year and week 
of manufacture (see paragraph 3.6). 

d. Manufacturer’s symbol of identification. 

e. Manufacturer’s Part Number/Type. 


Lo t Date Code 

Each part shall be identified with a Lot Date Code 
which reflects the date of manufacture of the part. 

The Lot Date Code shall consist of a four digit number. 
The first and second. digits shall correspond to the 
last two digits of the year in which the device was 
manufactured. The third and fourth digits shall 
correspond to the calendar week in which the device 
was manufactured. If the number of the week is a 
single digit, the third digit shall be a zero. When 
more than one lot of a specific part number is manu- 
factured with the same week, the manufacturer shall 
utilize his standard method of identifying separate 
lots . 


3.5*1 Date Code Restriction 
* * 

All part types shipped against a given BEC purchase 
order shall be from a single manufacturing lot (same 
date code). All diode elements must be traceable to 
a single evaporation run. 
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Data and Documentation 

The manufacturer shall supply 3EC with two (2) legible 
copies of certified Test/Inspection data showing com- 
pliance with Screening and Conditioning requirements 
specified herein. Data shall consist of the following 
as a minimum. 

a. Type of device. 

b. Manufacturer 

c. Identification of data by device serial number 
and Lot Date Code. 

d. 100# screening and conditioning summary and 
applicable data by variables for pre- and post- 
burn-in electro-optical measurements, and deltas 

(A) . 

e. Group A, B, and C data by variables when applicable, 

The data shall bear signature and organization title 
of an authorized vendor representative. Test, data 
shall be supplied in a format that may be readily 
evaluated by BEC. Description of format and any 
required data decoding information shall accompany 
each data submission when necessary. 


Configuration Control 

The -part manufacturer shall not make changes to items 
purchased to this specification affecting materials, 
processes, design or construction without BEC approval. 


QUALITY ASSURANCE PROVISIONS 


Quality Assurance provisions shall be in accordance 
with MIL-S-19500, MIL-1-45208 or NHB 5300.4 (1C) and 
as specified herein. 
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The manufacturer shall be responsible for lot con- 
formance to the Group A, B, and C requirements of 
Tables IV, V and VI, and the requirements of Table III. 
The manufacturer shall perform as a minimum, the Group 
A and Table III tests, but shall not perform the Group 
B and 0 tests unless specified in the contract or 
purchase order. The Group B and C Quality Conformance 
Procedures shall be performed by the procuring agency 
or their designated representative. Failure to conform 
to Group A, B and C or Table III requirements shall be 
cause for rejection of the procurement. 


Sampling and Inspection 


Unless otherwise specified, sampling and inspection 
procedures shall be in accordance with MIL-S-19500 
for quality conformance inspection. 


Preconditioning and Test 

Preconditioning and test shall be in accordance with 
Table III in the order shown, and shall be conducted 
on all devices prior to quality conformance inspection. 
The following additions or exceptions shall apply. 


4.3.1 


4.3.2 


Internal Visual Inspection (Precap) 

All devices shall be subjected to an internal visual 
inspection in accordance with T.I. Specification 
TIL 23-24 HR. 


High Temperature Storage 


Per T.I. Specification TIL 23-24 HR, except Ta 
and duration is 72 hours minimum. 


= 125°C 


SUBJECT 


DIODE, LIGHT EMITTING, 
P-N GALLIUM ARSENIDE 







[ft 


n . 


I * 


I! | 


i a % 

i 1 S ! 


[ r ‘ 
I t • 


% 


A 


.ARNES 

4.3.3 


ORIGINAL PAQi {$ 
OF. POOR QUALIT? 


Thermal Shock 


Per T.I. Specification TIL 23-24 HR, except that the 
high temperature- shall be 125 °C minimum, the low tempera- 
ture shall be -55 °C minimum, and the number of cycles 10. 
This test may be started at any point in the cycle. All 
devices shall be maintained at each end temperature until 
thermal equilibrium has been reached, but not less than 
15 minutes. The devices shall not be maintained at room 
ambient temperatures for more than 5 minutes during the 
transfer period between end temperatures . 


4.3.4 


Constant Acceleration 


Per T.I. Specification TIL 23-24 HR. 


4.3.5 


HTFB 


All devices shall be subjected to HTFB (High Temperature 
Forward Bias) as follows. * 


4. 3. 5.1 Pre-HTFB Electrical Tests 


The parameters of Table II shall be measured and recorded 
for all devices in the lot. 


4. 3. 5- 2 HTFB 

HTFB shall be performed on all devices as follows: 

a. Ip = 300 viA maximum. 

b. T& = 55 °0 minimum 

c. t = 168 Hrs. minimum 


4. 3*5. 3 Post -HTFB Electrical Tests 


The parameters of Table II shall be measured and 
recorded for all devices in the lot. 
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Visual and Mechanical Inspection 


All devices shall be examined in accordance with 
T.I. Specification TIL 23-24 HR. 


Lot Rejection Criteria 


If any of the following PDA (Percent Def$htive Allowable) 
criteria are exceeded, the entire lot Will be rejected: 

a. Overall = 20$ 

b. HTFB = 15 $ 

d. Environmental = 15$. 

Quality Conformance Inspection 


Quality Conformance Inspection shall be in accordance 
with Table IV (Group A), Table V (Group B) and Table VI 
(Group C) when specified in the purchase order. 

PREPARATION FOR DELIVERY 


Diodes shall be prepared for delivery in accordance 
with MIL-S-19500. 


The following specific information shall be marked on 
the container and individual wrapper (if any): 

a. BEC Part Number 

b. Name of Manufacturer 

c. Purchase Order Number 

d. Date of Manufacture (Month and Year) 

e. Item or Items Serial Numbers 
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NOTES 


.1 BEC Procuring Activity Information 

The last page of this document contains BEC internal 
procuring activity information and contains no further 
specification requirements. 


6.2 Ordering Information 

Procurement documents shall specify the following: 

a. Complete BEC Part Number. 

b. Number and revision letter of this specification. 
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PARAMETER 

TEST 

CONDITIONS 

FORWARD 

VOLTAGE 

Ip = 300mA 
T A = 25 °C 

RADIANT 

POWER 

OUTPUT 

Ip = 300mA 
T a = 25° C 


LIMITS 


MIN MAX 


UNITS 


PERCENT (A) BETWEEN 
PRE AND POST 
ELECTRICAL TESTS 


-20$ 
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TABLE IV - GROUP A INSPECTION 


EXAMINATION 

OR 

TEST 


METHOD CONDITIONS 


f LIMITS 

LTPD SIM MIN MAX 


UNIT 


VISUAL/ 

MECHANICAL 

INSPECTION 


A- 2 

ELECTRICAL 


SEE PARA. 
4.5.2 HEREIN 


SEE TABLE I 
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EXAMINATION 

OR 

TEST 


HYSXCAL DIMENSIONS 


HERMAL SHOCK 
(TEMP. CYCLE) 

PHERMAL SHOCK 
(GLASS STRAIN) 
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TABLE V - GROUP B INSPECTION 


IOISTURE 

RESISTANCE 


MIL-STD-750 


METHO 


s— M 


LIMITS 


1051 


1056 


1021 


FIGURE 1 
HEREIN 


CONDITION F 


CONDITION B 


END POINTS 





p 0 4o 


SHOCK 


VIBRATION 

ACCELERATION 


SUBJECT : 


2016 


2056 

2006 


1,500 G ' 3 
0.5 M/SEC 
5BLOWS IN 
EACH AXIS 

(x 1 ,y 1 ,y 2 ,z 1 ) 


20,000G*s 
EACH AXIS 

< x l> Y l»*2» z l) 
END POINTS 


SEE TABLE if' 
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TABLE VI - GROUP C INSPECTION 


EXAMINATION 

OR 

TEST 


T 


MIL-STD-7 50 


METHOD 


TEST 

CONDITIONS 


TPD 


LIMITS 


SYM. 


[MIN 


MAX 


MIL 


C-l 

HIGH TEMP. LIFE 
(NON-OPERATING 


C-2 

STEADY STATE 
OPERATING LIFE 


1031.4 


1026 


T a = 125°C 
t = 1000HRS 
END POINTS 
SEE TABLE I 


P D = 4-0 mW 

t = 1000HRS 
END POINTS 

SEE TABLE I 
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AP n 
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r 0 

AP, 


4-0 


v 


mW 


-20 


% OF 
CNITI43 


. 


V 
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The latest issue of the following documents, in 
effect on the effective date of the contract or 
purchase order, form a part of this document to 
the extent specified herein. 


Specifications and Standards : 


Military Specifications 


MIL-S-19500 


MIL- 1-45208 
MIL-0-13830 


QO-N-290 

NASA Specifications 
NHB-5300.4- (1C) • 


Semiconductor Devices, 

General Specification For 

Inspection System Requirements 

Optical Components; General 
Specification Governing the 
Manufacture, Assembly, and 
Inspection Of 

Nickel Plating ( Electrodeposit ed) 


Inspe ctiorr Sys t era Provision's 
For Aeronautical And Space 
Systems Materials, Parts, 
Components, And Services 
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2.3 (Continued) 

Military Standards 
MIL-STD-750 

MIL-STD-202 

MIL-STD-1276 

MXL-STD-883 
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Test Methods For Semiconductor 
Devices 

>■ 

Test Methods For Electronic And 
Electrical Component Parts 

Leads, Weldable, For Electronic 
Component Parts 

, Test Methods And Procedures 
For Micro Electronics 


BEC Specification 

SA2819615 Detector Noise Test Procedure 

3 . 0 REQUIREMENTS 

• * * 

3.1 Unless otherwise specified, the diodes shall be in 
accordance with the general requirements of MIL-S-19500. 

3 • 2 Lead Material *and Finish . 

Lead material and finish shall be in accordance with 
MIL-STD-1276, lype K, except that the nickel plating 
shall be per QQ-N-290. 

3 * 3 Electro-Optical Performance Characteristics 


Unless otherwise specified, the electro-optical 
performance characteristics shall be in accordance 
with Table I, and apply over the full recommended 
ambient operating temperature range. 


3.4 Electro-Optical Test Requirements 

The electro-optical test requirements shall be in 
accordance with Tables II, III, IV and V, and shall 
constitute the minimum electrical test requirements 
for screening, qualification, and quality conformance. 
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Optical Characteristics 


+. 003 

The window shall be sapphire, 0*012 -.002 thick; 
hermetically sealed to the cover, and shall have 
both sides coated with a .high efficiency anti- 
reflection coating peaked at 940nm, 


'Eie flatness of the sapphire window shall be <2.5 
fringes ( A = 546 nm)/mm or 1.5 wavelengths over the 
central 0.20 inch diameter. The wedge shall be <5 arc min. 

'Hie central 0.10 inch .diameter of each surface shall 
be polished clear and shall conform to the 20/5 
scratch and dig requirements of MIL-0-13830. 


The detector sensitive areas shall be coated with 
high efficiency anti-reflection coating peaked at 
940nm. 


Marking 

Each device shall be legibly and permanently marked. 
If the physical configuration of the device imposes 
a limitation on the amount of information that can 
be placed on the device, the following order of 
priorities shall apply: 

a. BEC Fr-t Number (24-851, -0001, -0002, or -0003). 

b. Device Serial Number. 

c. Lot Date Code providing both the year and week 
of manufacture (see paragraph 3.7). 

d. .Manufacturer’s symbol of identification. 

e . Manufacturer ' s . Part Number /Type . 







r 1 " 


j 
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Lot Date Code 


Each part shall be Identified with a Lot Date Code 
which reflects the date of manufacture of the part. 

The Lot Date Code shall consist of a four digit 
number. The first and second digits shall correspond 
to the last two digits of the year in which the device 
was manufactured. Bie third and fourth digits shall 
correspond to the calendar week in which the device 
was manufactured. If the number of the week is a 
single digit, the third digit shall be a zero. When 
more than one lot of a specific part number is manu- 
factured within the same week, the manufacturer shall 
utilize his standard method of identifying separate 
lots. 


Date Code Restriction 

All part types shipped against a given BEC purchase 
order shall be from a single manufacturing lot (same 
date code). All detector elements must be traceable 
to a single evaporation run. 


3.8 Data and Documentation 

The manufacturer shall supply BEC with two (2) legible 
copies of certified Test/Inspection data showing com- 
pliance with Screening and Conditioning requirements 
specified herein. Data shall consist of the following 
as a minimum. 

a. Ttype of device. 

b. Manufacturer 

c. Identification of data by device serial number 
and Lot Date Code. 

d. 100$ screening 'and conditioning supimary and 
applicable data by variables for pre- and post- 
burn-in electro-optical measurements, and 
deltas ( A). 

e. Group A, B and C data by variables when applicable. 
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The data shall bear signature and organization title 
of an authorized vendor representative. Test data 
shall be supplied in a format that may be readily 
evaluated by BEC. Description of format and any 
required data decoding information shall accompany 
each data submission when necessary. 


Configuration Control 


The part manufacturer shall not make changes to items 
purchased to this specification affecting materials, 
processes, design or construction without BEC approval. 


4.0 QUALITY ASSURANCE PROVISIONS 

Quality Assurance provisions shall be in accordance 
with MIL- Si-195 00 , MIL-I-45208 or NHB 5300.4 (1C) and 
as specified herein. 

4.1 The manufacturer shall be responsible for lot con- 
formance to the Group A and B requirements of Tables 
IV and V, and the requirements of Table II. The 
manufacturer shall perform as a minimum, the Group A 
and Table II test, but shall not perform the Group B 
test unless specified in the contract or purchase* 
order. Failure to conform to Group A, B or Table II 
requirements shall be cause for rejection of the pro- 
curement . 


4.2 Sampling and Inspection 

Unless otherwise specified, -sampling and inspection 
procedures shall be in accordance with MIL-S-19500 
for quality conformance inspection. 

4.3 Preconditioning and Test 

Preconditioning and test shall be in accordance with 
Table II in the order shown, and shall be conducted 
on all devices prior to quality conformance inspection. 
The following additions or exceptions shall- apply. 


r 
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Internal Visual Inspection (Precap) 

All devices shall be subjected to an internal 
visual inspection in accordance with MIL-STD-750, 
Method 2072. All devices which fail to meet the 
requirements specified, shall be removed from the 
inspection lot. 


4.3.2 


4.3.3 


4.3.4 


Stabilization Bake 

All devices shall be baked for a minimum of 24 hours 
at a minimum ambient temperature of 125 °C. 

Thermal Shock 

All devices shall be subjected to thermal shock in 
accordance with MIL-STD-202, Method 107, Test Condition 
A. The high temperature shall be 125°C minimum, the 
low temperature shall be -55 °C minimum, and the number 
of cycles 10. This test may be started at any point 
in the cycle. All devices shall be maintained at 
each 'end temperature until thermal equilibrium has 
been reached’, but not less than 15 minutes. The 
devices shall not be maintained at room ambient 
temperatures for more than 5 minutes during the trans- 
fer period between end temperatures. 


Burn-In 

All devices shall be subjected to burn-in in accordance 
with the following. 


4 . 3 . 4 . 1 Pre-Burn-In Electro-Optical Measurements 

The parameters of Table II shall be measured and the 
data recorded for all devices ill the inspection lot. 

The devices shall be identified in a manner that will 
permit the delta end-points of Table III to be determined 
at the conclusion of bum-in. 

4 . 3 .4 . 2 Burn-In 

All devices shall be baked for a minimum of 160 hours 
at 125° + 5°C. 
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4. 3.4. 3 Post Bum-In Electro-Optical Measurements 

The measurements of Table III shall be performed 
on all devices and the deltas shall be recorded. 
Devices whose parameter deltas exceed the limits 
shall be removed from the lot. The quantity of 
devices removed shall be recorded on the permanent 
inspection lot record. 


4.3*5 Acceleration 

All devices shall be subjected to acceleration testing 
in accordance with MIL-STD-750, Method 2006 , with the 
following exceptions: 

The .test shall be performed one time in the Y^ 

orientation only’, at a peak level of 10,000 G 
minimum. The one minute holdtime requirement 
shall not apply (see Figure 3). 


4.3.6 


4.3.7 


Hermetic Seal (Gross & Fine Leak' 


All devices shall be subjected to hermetic seal 
testing in accordance with MIL-STD- 883 , Method 1014. 


Wire Bond Strei 


After all processing and screening tests as described 
above, a sample of two devices from each group of 
devices bonded within a consecutive 4 hour period 
will be delidded and the wire bonds destructively 
pull tested in accordance with the applicable class 
of MIL-STD- 883 , Method 2011. The devices used for 
this test may be electrical rejects from pre-cap 
electrical testing and may have been capped with other 
than the standard cover, but these may not be devices 
especially fabricated for this test if such fabrication 
was done with the knowledge of the bonding operator 
(i.e. , bad chips may be added to the bonding run if 
they are not identified). 


Quality Conformance Inspection 

Quality Conformance Inspection shall be in accordance 
with Table IV (Group A), and Table V (Group B) when 
specified In the purchase order. 
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0F Po °* quality 


Diodes shall he prepared for delivery in accordance 
with MIL-S -19500. 


Marking 


The following specific information shall he marked 
on the container and individual wrapper (if any): 

a. BEC Part Number 

b:'. Name’ of Manufacturer 

c. Purchase Order Number 

d. Date of Manufacture (Month and Year) 

e. Item or Items. Serial Numbers 


NOTES 


BEC Procuring Activity Information 

The last page of this specification contains BEC in- 
ternal procuring activity information and contains no 
further specification requirements. 

Ordering Information 

Procurement documents shall specify the following: 

a. Complete BEC Part Number 

b. Number and revision letter of this specification. 
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ELECTRO OPTICAL PARAMETERS 
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TABLE I - (Continued) 


Where : 



(DUT) 

■ Device Under Test 


A (Std) 

■ Area of Junction 

(Standard Detector) 

A(duT) 

= Area of Junction 

(Device Under Test) 


4. Responsivity match is the ratio of Rmin/Rmax for 
each detector in one -0002 or -0003 detector array. 

5. Measured between Pins 1 and 3 with Pins 1 and 4 
connected and Pins 2 and 3 connected. 

6. Measured using instrument SA28196-15 calibrated for 
e n o (Test Position) « 34mVrms. Noise measurement 
to be made with a North Atlantic PAVM,* Model 214c, 
operated in the Total Function. Refer to BEC 
Test Procedure #£A28l96l5 . 

7* For a post conditioning' total zero bias resistance 
in excess of 250 megohms, the allowable max A limit 
will be 100%. 
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TABLE II 

100% Screening and Conditioning Test Requirements 
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TABLE IV (Continued) 
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FOR INTE R NAL USE ONLY 

APPROVED SOURCES OF SUPPLY 

THE LISTING OF ANY PRODUCT IN TERMS OF A MANUFACTURER'S 
IDENTIFICATION SHALL NOT SET ASIDE ANY REQUIREMENTS OF 
THIS DRAWING. 


BEC PART NUMBER 


24-851-0001 

24-851-0002 

24-851-0003 


MANUFACTURER AND PART NUMBER 
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1. Aeronutronic Ford 
Newport Beach, Cal. 
Code Ident. 09205 
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NOTES : 

1. ALL COATING MATERIALS TO BE DIELECTRIC. 


2. TRANSMISSION PEAK TO BE AT 930 ±10 nnj. 

3. TRANSMITTANCE AT PEAK TO BE 60 PERCENT MINIMUM. 

4 . BANDWIDTH AT 50 PERCENT OF PEAK TRANSMITTANCE TO BE 60 ±10 nm 

5. BANDWIDTH AT 1 PERCENT OF PEAK TRANSMITTANCE TO BE 100 nm MAX. 

6. PEAK TRANSMITTANCE IN THE BANDS FROM 220 TO 870 ttnT.AND0990 TO 
1200 nm TO BE NOT MORE THAN 1.0 PERCENT. 

7. TOTAL INTEGRATED TANSMITTANCE IN THE BANDS FROM 220 TO 830 nm TO 
BE NOT MORE THAN 20 PERCENT - NANOMETERS AND 1030 TO 1200 ttm TO 
BE NOT MORE THAN 30 PERCENT - NANOMETERS 

8. PEAK TRANSMITTANCE IN THE BAND. FROM 1200 TO 5000 nm TO BE NOT 
MORE THAN 5.0 PERCENT. 

9. TOTAL INTEGRATED TRANSMITTANCE IN THE BAND FROM 1200 TO 5000 nm 
TO BE NOT MORE THAN 200 PERCENT - NANOMETERS. 

10. REJECTION AT OUT-OF-BAND WAVELENGTHS IS TO BE BY REFLECTION TO 
MAJ r TMUM?iPBAGTI CABLE "EXTENT . 

11. ADHERENCE OF THE COATINGS TO BE SUFFICIENT- TO WITHSTAND NORMAL 
CLEANING PROCEDURES AND THE ADHERENCE (CELLULOSE TAPE) TEST PER 
MIL-M- 13508. 

12; ELEMENTS A AND B'TO BE CEMENTED TOGETHER AND EDGES SEALED AFTER 
FILTER COATINGS ARE APPLIED, USING EPOTEK 301 ADHESIVE PER 
BEC SPECIFICATION 55-535. 

SUBJECT-’ 

FILTER A 208302- 



SHEET 2. OF 4 - 









ORIGINAL PAGE IS 
OF POOR QUALITY 


NOTES (CONT) 

13. THERE SHALL BE NO FLAKING, CHIPPING, PEELING OR DEGRADATION 
OF TRANSMISSION CHARACTERISTICS OF THE COATINGS WHEN EXPOSED 
TO THE FOLLOWING ENVIRONMENTAL CONDITIONS OR NATURAL COMBINATIONS 
THEREOF: 


(A) 

TEMPERATURE 

-30 TO + 60° C 

(B) 

PRESSURE 

SEA LEVEL TO 10" 10 TORR 

(C) 

PERIOD 

4 YEARS MINIMUM 

(D) 

HUMIDITY 

24 HOURS AT 100 PERCENT 


AND 124° F 


14. MEASUREMENTS AND DATA REQUIREMENTS: . 

A. THE VENDOR SHALL MAINTAIN MANUFACTURING LOT IDENTIFICATION. 

B. ONE WITNESS SAMPLE IS REQUIRED FROM EACH MANUFACTURED LOT. 

C. THE VENDOR SHALL VERIFY THAT THE FILTERS IN A GIVEN LOT MEET 

THE REQUIREMENTS OF NOTES 2 TO 9 USING ONE OF THE LOT 
ITEMS. ONE OR MORE SPECTROPHOTOMETER TRACES SHALL BE 
SUPPLIED HAVING SUFFICIENT RESOLUTION TO VERIFY ALL OF THE 
REQUIREMENTS OF NOTES 2 TO 9 . 

D. THE WITNESS SAMPLE SHALL BE USED TO VERIFY NOTES 11 AND 13 D. 

E. ALL DATA AND WITNESS SAMPLES SHALL BE DELIVERED TO BEC. 

15. INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS PRESCRIBED BY 

MIL-D-1000, LEVEL 2 . " . 

16. MARK PART NUMBER PER BES-11, METHOD 8611. 
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APPENDIX E 


OBJECTIVE LENS APERTURE 
CALCULATIONS 


POLYGON PARAMETER 
CALCULATIONS 


Calculation of required height, width, and diagonal of objective 

lens to recapture reflected beam without vignetting, ..... M 

ORIGINAL PAGE IS 

AMS*1 vs MACS (all din, in inches) ne anno nu&i riY 

B 


OF POORj-QUALITY 


=focaleneth cos 
alpha wax 2 

beta Max + (2 

G3MM3 M3X (51 

•0 deG <co 


cos 0-sin 
2D *• Dm 
+ (2D - Dm) 


G3MM3 m siriu 4DalPhay+E6 
D 6 + D7 


alpha xz = 


<siri+cos)h/f D6+D7+.0003 
<cos-sin)h/f 


Au-P=E3+E5 

Ah-P=E4+E5 


sor E 7 
F6 + F 7 
sort F8 
A " 3Perx 


14 

~1T6 — ''~^np t *fc-data~as — 

17 per above code 

18 


/ 42 

,63704517695 

♦ 5544 

1 .875 

♦59482278677 

.0033 .75533454233 

\ 108 

♦80385686072 

.21912647799 


. 11/0 
18 
. 0 03 

~nnra~ 

,003 

36.5 


.20903407394 ,00173446336 .5871486715 


-24 

23.999999989 

♦00913026992 

♦00136452798 


♦00419603394 

.00449603894 


1.6485264779 

1.8494610203 


.0327486715/ ,94957428013 
♦58714867157 .34474356252 
1.2943 178426 
.77352647799 1.1376809052 
♦ 97446102033**2 , 0126809052 


D “distance 

0 rad 

alpha y “ 

4D alpha y 

Au=aper .width 

psspijpii dia 

sin 6" 

beta m +.0003 

4DalPha xz 

Ah=aper .heiGt 

Dm “ dist.p 

COS •O' 


C9(s+c)h/f 


h=ret .size 

sin 0+cos 0 

alpha m cosO 

C9(c~s)h/f 

sor Ah 


D =di 

P=PUP 

Dm » 
h=ret 


Ei 

stance 
il dia 
dist.p 
♦ size 


f“rocalenG’ 
alpha Max 
-beta Max 

63MM3 M3X 
0 *deG 


C 

0 rad 
sin 0 
cos 0 

sin 0+cos 0 
cos 0-sin 0 
2D - Dm 
+ (2D - Dm) 
(sin+cos)h/f 
(cos-siri)h/f 


[all diM. in inches) 

D E 

alpha y = 4D . alpha y 
>eta m + ♦ (TO 03~ 4Dalpha xz" 
C9(s+c)h/f 


alpha m cos 0 
G 3 MM 3 m sinO 
D6 + D7 
alpha xz = 
D6+D7+.O~O03 


C9(c-s)h/f 

4D3lPhay+E6 

Aw-P=E3+E5 
~ Ah“P=E4+E5~ 


Aw -ap er ♦ u i dth 
"Ah=3per,heiGt 

sor Ah 

sor E7 
F6 + F7 

sort F8 

A ’=*" aper .di an 


103“ 

.875 
108 
.1175 
18 
♦ 0015 
.0015 
.0 015 
9 


. 15707963268 

♦15643446505 .0018 

.93768834071 

1.1441228057 .00148153251 
♦83125387566 2.3465170E-4 
98 .00171613421 
97.999999117 

♦00746857943 .00201618421 
♦00542624058 


.7416 

,83066739396 

,73192077716 

.53177157178 

1.2733715717 

1.4735207771 

1.5625886711 


2.3485207771 

2.4375886711 

~ 2.441683355“ 
1 .6214751596 
4.0631585146 
2.0157277876' 
2.8907277876 


PTvsw inters 
B 

“distance 
p=pi.ipil dia 
Dm = dist.p 
h=ret.size s 


C 

0 rad 
sin 0 
cos 0 
sin 0+cos 


f=focaleriGth cos 0-sin 0 
alpha Max 2D - Dm 

beta Max +<2D - Dm) 


S3MM3 M3X (sin+cos)h/f 

0 deG (cos-sin)h/f 


(all diM . in 
D 

alpha y “ 

'beta m +. 0 0 03 


alpha m cosO 
G3MM3 m sinO 
D6 + D7 
alpha xz - 


D6+D7+ . 0003 


in inches) 

E 

4 D alpha y 

003 4DalPha xz 
C9(s+c)h/f 
sQ C9(c-s) h/f 
nO 4Dalphay+E6 


Aw-p=E3+E5 


Ah-P=E4+E5 


Aw-3Per .width 
Ah-aper .heist 

sor Ah 

s or E7 
F6 + F7 
sort F8 


A “ aper.diaM 


108 .06981317008 
.875 .06975647375 

103 .99756405041 


.7776 2.4050609692 
.0018 ,32122369964 2.4486846688 
.75246096921 



16 

* 1175 

1.0673205241 

♦00149634608 

,65410434130 

2.4764834368 

17 

18 

.92730757666 

1 ♦ 0463471E-4 

1,4317043412 

2.0497773206 

18 

.0015 

108 

.00160098079 


4,5262607574 

19 

.0015 

107.99999996 


1.5300609692 

2.1275010536 

20 

♦ 0015 

♦00696723120 

.00190098079 

1.5736846688 

3.0025010536 

21 

4 

♦00605652163 
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t or 
11 
12 
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9 

~ro~ 


11 

12 

T3" 


14 

15 

“nr 


17 

18 


19 

20 
21 


~AMS*1 vs" HKDT - 

& 

D ^distance 


p=fupi 1 dia 
Dm » distfp 
h«ret ♦ sis© 


C 

0 fad 

T 


sin 
cos 0 

sin 0+cos 0 


(all di«. in inches ) 

D E 

alpha y “ 4D alpha y 
beta m + ♦ ir0 03~4 Dalpha x z" 
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Aw=aper .width 


”AFf= a p e f ♦ Hel g t 


alpha m cosO 


C9(s+c)h/f 

C9(c~s)h/f 


set' Ah 


IN 


f=f oealeriQth cos 0-sin 0 gsmms n sinO 4Dalphay+E6 
alpha Max 2D - Dm D6 + 07 

beta Max +<2D - Dm) alpha xz = Aw-p=E3+E5 

( sin+cos ) h/f 06+ D 7 + '.W0 3 


S 3 MM 8 M 3 X 

0 dee 


”Ah-p=E’4+E5 


sar E7 
F 6 + F7 

sort F8 

A « aper.dian 


(cos-sin) h/f 


;I 

Us 

13 

102 

72 4434 6 09528 


♦ 7344 

2,36905637 

14 

.875 

♦24192189560 

.0018 

♦86427718464 

2.4989335547 

15 

108 

.97029572636 


.75965637009 

27637160X9 


16 

~IT75“ 

1 4 2l22l7<f)2i9 

TT0T455T4359 

♦ 4 56 4 475 96 82 

tr 

17 

18 

.72837383076 

3 , 6288284E-4 

1.1908475963 

1.4181179988 

JL. 

18 

♦ 0 015 

96 

.00181832643 


4.0552781888 


1'9 — 

♦ 0015' 

95 ♦ 999999204 


1 ♦<*7^05637 2*01377Z1ZS9 


20 

.0015 

.00791308725 

♦00211832643 

1.6239335547 

2.8887721289 

fj** 

it- 

21 

14 

.00475466251 



' ■ - r mtta y 




Tall" 


in 


8 


D ^distance 


C 

rad 


">=pupi 1 dia sin 0 

Dm = dist.p cos 0 

h=ret.size sin 0+cos 
"T=f ocaleriGth cos 


diM 

D 

alpha y « 

+rroo3 


inches )' 

E 

4D alpha 


i • 3 


beta m 
alpha m cosO 


'^Dalpha xz 
C9(s+c)h/f 
C9(c-s)h/f 


Aw^aper ♦ width 
Ah= 3 per.heiGt 


sor Ah 


0 


alpha 

beta 


Max 

Max 


G 3 MM 3 MSX 
0 deG 


0-sxri 
2D - Dm 
+ ( 2D - Dm) 

”( sin+cos ) h/f" 


G 3 MM 3 m sinO 
06 + D7 
alpha xz = 
D6+D7+. 00 03 


4Dalphay+E6 


Aw-p=E 3+E5 
A hv-p^E 4 + E 5“ 


sar E7 
F6 + F7 
sort F8 


A « aper»di aM 


(cos-sin)hZf 


2T 

♦ 875 
108 
7TT75" 
13 
♦ 0015 


7767WfB70'8T 
♦69465837046 
♦71933980045 
T74T 3WffT7W 


,0018 


Tinrro'79W97"tr 


♦02468142999 

-60 


.00104198756 

♦00212099726 


7T728~T76 0X5X59498 
♦23241573661 1.6612316864 
♦55381594984 
rod 9'6'668934'i 


♦13246689341 


75 18 1602 647 8 
♦03329416719 
.65145443197 


♦ 0015 
.0015 
44 


59,999999954 

.00923026584 


1.61 1 1489E-4 


.00242099726 


.72661594934“ 

♦78623168645 


♦30712726924 

1.6821272692 


m 


— i~ 


AM8*2 vs nALy 

(all diM. in 

inches ) 


w 

2 


E: 

C 

D 

E 

F 


3 


D =distance 

0 rad 

alpha y “ 

4D alpha y 

Aw-aper .width 


4~ 


p=pupil dia 

sin 0 

bets n +^00 03 ^Dsl Phs xz 

Ah=aper . heist 

W 

5 


Dm = disttp 

cos 0 


C9(s+c)h/f 



6 


h=ret .size 

sin 0+cos 0 

alpha m cosO 

C9 ( c-s) h/f 

sar Ah 

"igp 

7 


f=f ocalenGth 

cos 0-sin 0 

G 3 MM 3 M SinO 

4DalPhay+E6 

sar E7 

m 

8 


alpha Max 

2D - Dm 

D6 + D7 


F6 + F7 


s ' 1 
I ‘i 


beta wax 


+ <2D - Dm), 


alpha xz = Aw-p=E3+E5 


sort F8 


y 


Gatina max <sin+cos)h/f D6+D7+.0Q03 

0 d»G <cos-sln)h/f 


Ah-P“E4+E5 A * aper .dian 


108 
,875 
108 
Til 75' 
18 
,003 


,003 .00652777778 
0 .00652777778 


1,4256 

,0033 1,4256 

♦70499999974 
.003 .70499999974 
0 2.1305999997 
.003 

~~~ 2.1305999997 

.0033 2.130599999 7 


3.0055999997 

3.0055999997 

4 , 5 39 4 563587” 
4.5394563587 
9.0 789127174 
3 ♦ 01*31234144 
3.8881234144 


D “distance 
p=pupi T diaT 
Dm = dist.p 
h=ret .size 
"fafocaleriGtt 
alpha Max 
beta nax 
Ganna nax 
0 deG 
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C 

0 rad 
iXrT~0 
cos 0 

sin 0+cos 0 
cos 0-sin 0 
2D - Dn 
+ < 2D “ Dn > 
"(s:i.n+cos)h/f~ 
<cos-sin)h/f 


(all din. in TrTch'es) 

D E F 

alpha s “ 4 D alph a Aw^ap er . wi dt h_ 

beta n +.0003 4DalPha xz Ah“aper . he i g t 
C9<s+c)h/f 

alpha n cosO C9(c-s)h/f sar Ah 


alpha n cosO C9(c-s)h/f 
Ganna n sinO 4DalPhay+E6 
D6 + D7 


alpha xz = 

> 6 + 07 + 7 00 63 ' 


Aw--P=E3+E5 


s or Ah 
sor E7 
F6 + F7 
sort F8 


Ah-p=E4+ES A » aper.dian 


♦875 .69465837046 
108 .71933980045 


18 .02468142999 
.0015 -60 

. (ToTSr~59T99 9 9 999 ST 
.0015 .00923026584 
44 1 ♦ 61 11489E-4 


,1728 

♦ 0018 *232-41573661 
.55381594984 
TOUT. 0790 0 970“T¥096668934r 
.00104198756 ,18246639341 
.00212099726 

.7*2661594934 
.00242099726 .78623168645 


1.6016159498 

1.6612316864 

76 18 1 6126478' 
.03329416719 
^65145443197 
7*8 07 12726924 
1.6821272692 


D “distance 
p=pupil dia 
Dn “ dist.p 
h=ret .size 


C 

0 rad 
sin 0 
cos 0 

sin 0+cos 0 


f=focaleriGth cos 0~sin 0 
alpha nax 2D - Dn 


b eta nax 
Ganna nax 
0 deG 


+ < 2D - Dn > 


(all dm. in inches) 

D E F 

alpha y “ 4D alpha s A w “aner .width 
beta n +.0003 4Dalpha xz Ah=aper .heist 
C9(s+c>h/f 

alpha n cosO C9(c-s)h/f sor Ah 

Ganna n sinO 4DalPhay+E6 sar E7 

D6 + D7 F6 + F7 

sort F8 


alpha xz = 


Aw-p=E3+E5 


<sin+cos)h/f D6+D7+.0003 Ah~P=E4+E5 
( cos-sin ) h/f 


©per .dian 


47 

.875 

103 

.1175 

18 

.0015 

.0015* 

.0015 

31 


,54105206812 

.51503807493 .0018 

,85716730077 

1.3722 053756 .0*0128575095 
.34212922584 7.7255711E-4 
-14 ,00205830806 
13.999999995 


.00395745176 

.00223334356 


3830806 


.3384 
,44336191595 
, 1254 0432456 
. 03126680979 
.36966630979 

.46380432456* 

.56876624050 


1.3388043245 

1.4437662405 

732349503634' 

♦13665355026 

♦460143 58660 

.67834252824 

1.5533425282 


D “distance 


(all din. in inches) 
DDE 
0 rad alpha y “ 4D alpha 


Au=ai»er ,-ui rl+.H 


p=pupi i dia sin 0 beta m +*0003 4Dalpha >sz Ah^aper .heiqt 


Dm » disttp 
h=*ret .size 


cos 0 

sin Q+cos 0 


f-focalensth cos 0-sin 0 


alpha Max 
beta Max 

63MM3 Max 

0 des 


2D - Dm 
+<2D - Dm) 


alpha m cosO 

G3MM3 M SinO 

06 + 07 
alpha xz — 


<sin+cos)h/f D6+D7+.0003 
<cos-sin)h/f 


C9(s+c)h/f 

C?<c-s)h/f 

4Dalpha«+E6 

Am-p=E3+E5 

Ah-p=E4+E5 


sop Ah 
sor E7 
F6 + F7 
sort F8 
A * 3pep»diaM 


63 ,31415926536 

,875 .30901699440 ,0018 

103 ,95105651634 
1175 1.2600735107 "♦ 001 ■ 42658477' 
18 .64203952194 4.6352549E-4 
0015 18 ,00189011027 

TT0T5 17.999999995 
0015 .00822547986 .00219011027 
18 .00419109132 


.4536 

,55190778706 

,14805863747 

.07543964381 

,52903964381 

“,■60165863747 

.69996642452 


1,4766536374 

1,5749664245 

T489^52995'46“ 
.27988294472 
,76983594018 
, 8774029477’ 
1.7524029477 


D =distance 
■pSpDpTT dia 
Dm ~ distJp 
h=ret .size 
fsrfocalenst) 
alpha Max 
beta Max 

"S3MM3 M3X 

0 dee 


C 

0 rad 

sTrTD 

cos 0 

sin 0+cos 0 
cos 0"-~sin 0 
2D - Dm 
+<2D - Dm) 
(sin+cos)h/f 
( cos-sin) h/f 


(all diM. in inches) " 

D E F 

alpha y = 4D alpha y Aw=aper .width 
beta m + » 0003 ODalpha xz "“Ah=3Pef". helst’ 
C9 (s+c)h/f 

alpha m cosO C9(c-s)h/f sar Ah 

G3MM3 m “s i n d 41) a 1 p h" a y + E 6 sar E7 

D6 + D7 F6 + F7 

alpha xz = Aw~p=E3+E5 sort F8 
T5S+D7+ ♦ 0003 ~ Ah-p=E4+E5 A ” »' aper .diari 


♦875 ,67559020761 
108 ,73727733693 
Tr75 _ TT4T23S7‘544'5“ 
18 .06168712932 
0015 56 


,0015 
♦ TJ0T5’ 
.0015 
42.5 


,00922288536 
4 . 0267987E-4 


.0018 .79353083191 
.51648157981 
TO OTTO 59T6 0 l' _ T0 2255 0'072'3 i 
♦00101338531 .61295007281 
♦00211930132 

1.10S815T5T98 

♦00241930132 1.3100124117 


‘ T79 81 88 15798" 
2.1850124117 

T.7i'6l325l8'8 
,37570779176 
2.0918403105 
"1T4463 195741 
2.3213195741 
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Approximate Calculation of Clearance between Adjacent 






■Ah in* S de<3 ♦ 

■ Aw "i n * S ' VacT! 

@m rad* tan S 

— f in* z=2f <@n+*0003) 

-A “dee* Ri*<Ah-2ST7!rf' 

f/sinA -xf k2=<Aw-2z)/2f 
•■01 dee. <-01— 0-2) dec* 

-1F2 dee* r«l-e-2) rad* 

xf in* tan (01-02) 


xf tan S H ~ xf cot A 

fanrxs — 'iR'wrkr 

xs~ ( xf tanS+KlxO+a ) / ( tanS-Kl ) 

x s tan S 

k = f - 0 -xf 
ys = xs tan S - xf tan S 
ye as xs tan( <01-02 )/2) 
yws ~ K21xs + 0) + z 
ye— y ws « clearance (inches) 
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BEC PROJECT 20 83 -ATS 
3 February 1978 


CDR LEVEL TESTS 

REF: APL Letter S2R-77-125, Dec. 5, 1977 

Items 3a2, 3C1 

The tabularized test results of the combined AGC loop /error 
detect circuit as a function of error signal level and 
for various LED efficiency factors over temperature are 
attached. 


In these tests, the output of the AGC loop (voltage across current 
limiter) was used as the reference to a multiplying D/A. The 
output of the D/A was used as the error signal. The recorded data 
is the digitized output of the error channel to 12-bit accuracy, 
and is therefore an indication of the stability of both the AGC 
loop and error channel to four times greater than required. 

The. sensor head electronics was outside the temperature chamber. 

All the other circuitry was inside the chamber. 

Temperature plateaus were -10°C, +15°C, 25°C and 50°C. 

The test results indicate that the single channel breadboard 
is stable to 2 parts in 2000 or 0.1%. 

The system stability requirement is 5 arc-seconds in 300 arc-second 
for roll and 2 arc second in 180 arcrseconds for pitch/yaw axes. 

The electronic design goal is 1 arc-second in roll and 0.4 arc- 
seconds in pitch/yaw. 

The 2-bit deviation noted is approximately 10 millivolts and equi- 
valent to 0.33 arc-seconds in roll (30 mv/sec) and 0.2 arc-seconds 
in pitch/yaw (50 mv/sec) . This is within the system and design 
goal requirements noted above. 

There appears to be no non-linearity observable in the number of 
points taken to 12-bit resolution. When the test console is 
completed, the system could be fully tested to 1 arc-second accuracy 
automatically by the Tektronix calculator. 

SUMMARY 

As a result of these tests, no deficiency was found in both the 
linearity and temperature stability of the single channel breadboard. 
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N. Casey 
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STABILITY 

PHASE. GAIN MARGINS 



CDR LEVEL TEST 


Action Item: 3 (b) 2 

Stability Phase, Gain Margin 

Figure 1 is a block diagram of the ATS MAGSAT AGO loop for analysis , 

Table I shows the individual block gains for both the roll and pitch/yaw 
AGO channels . The loop gain (GH) is 4^/©.16S for both channels. 

Actually, the loop gain can be seen by inspection. For example, the 
output of the integrator is -1.25V normally. After chopping, optical coupling, 
and gaining, the input to the integrator (demodulator output) is -5V (to balance 
the -5V reference) . Therefore, the loop gain is the ratios of the integrator 
input to output or -5V/1 .25 which is 4. 

The integrator gain at 1 Hz is unity, which makes the loop gain 4 at 
1 Hz and unity gain (0 db) at 4 Hz . If the LED/optical path efficiency degrades , 
the cross-over frequency will lower proportionally. 

Plotted in Figure 2 are the loop gains for various LED/optical path 
degradations from k = 1 to k = 1/6. Also shown in Figure 2 (dotted lines) 
is a plot showing the integrator time constant 400 times faster (400 Hz) and 
while the phase shift is greater than 90° is subject to ringing, but stable. 

The plots indicate a phase margin of 90°, and a gain margin of nearly 
60 db for the normal setting of GH. 

The gain stability as the LED/optical coupling degrades by a factor of 
6:1 is determined by the minimum open loop gain of the ingegrator , which is 
80,000. The integrator output ranges from -1.25V (k = 1) to -7.5 V (k = 1/6). 
The integrator input required for these two extremes is 15 nv (k = 1) to 90 pv 

_3 

(k = 1/6) or a change of 75 pv in 5 volts, which is 1.5 x 10 percent. 


TABLE I. ATS BLOCK GAINS 
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